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Ann Arbor, Ml48103 
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INSTALLATION, OPERATION, & MAINTENANCE MANUAL 

INSTALLATION, OPERATION AND 
MAINTENANCE MANUAL 

ROSEDALE PRODUCTS, INC. 

CU . 
MODEL6 

150 & 300 PSIG RATED FILTER UNIT 

Table of Contents 

I. Installation ....................................................................... 2 

ll. Operation ........................................................................ 3 

ill. Spare Parts List ................................................................... 4 

IV. Spare Parts Diagram ............................................................... 5 

Rosedale Engmeenng Standards are the property ol Rosedale Products. Inc A Rosedale standard or copy thereol shall not be distnbuted (except w~h express approval of Rosedale 
Products, Inc) to any mdtvtdual or ftrm beyond the mtended reCJpJBnt firm or tndtvKiuaJ. F~rms of mdtv~duals actmg contrary to the above may be subject to sun, 111eltgtbtllty for contmued or 
future employment or removal from Rosedale's "Approved Manufacturers and SJ)6Cialty Contractors List• 
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I. Installation 

Please remove all shipping and crating materials carefully. Be sure to remove the plugs from the inlet and 
outlet openings. Dispose of all crating materials safely. 

The Model 6 Filter unit is capable of having several different piping variations based upon the outlet style of 
your unit. The inlet service line should be connected to the inlet flange or NPT coupling located near the top of 
the unit (above the basket level). 

The outlet service line should be connected to the outlet flange or coupling, located near the middle or bottom 
of the unit depending upon the style of your unit (below basket level). 

There are two 114" NPT ports on the shell and one 1/4" NPT port on the cover of the Model 6 Filter unit. 
These ports can remain plugged or used for pressure gauges or special fittings as your application requires. 

Some installations require electrical grounding of all equipment, be sure to provide adequate grounding where 
necessary. 

After completing installation be sure to double check connections for integrity. Your Model 6 Filter unit has 
been factory pressure tested leak free, therefore, any seepage problems usually occur from improper installation 
connections. 

You are now ready to install the filter basket and bag. Remove cover by loosening the cover eyenuts. The 
eyenuts in the slotted comers should be loosened sufficiently to swing free. Loosen the third eyenut 
sufficiently to allow the top cover and closure assembly to swing away from the top of the unit. 

Place the basket into the filter housing, make sure the basket flange is firmly seated on top of the basket collar. 

Insert bag into the bag basket making sure filter bag ring is firmly seated on top of the basket flange. For best 
results, be sure filter bag is installed fully extended to the bottom of the basket. 

Before replacing cover assembly, inspect cover seal gasket (replacing as necessary). Close cover and 
alternately tighten the three clamp assemblies evenly to ensure a leak proof seal between the cover and housing 
body. Torque closure assemblies to a maximum of 60-90ft-lbs. Each installation may have different closure 
bolting torque requirements to effectively seal the filter vessel cover. Many installations require significantly 
lower closure bolting torque due to the variables explained below. The suggested torque values are for 
reference only. They are to be used as a guideline by maintenance personnel. These values are meant as a 
guideline for safe operation of the filter system at its maximum rated pressure. Many variables affect the torque 
required to operate the filter vessel without leaks. These variables include the diameter of the bolt, type and 
number of threads, material type and grade, condition of the nut bearing surface and lubrication of bolt threads 
and nut bearing surfaces. Other factors such as the condition of the o-ring, o-ring material, viscosity of the 
fluid being filtered, operating pressures, temperature, and the closure assembly tightening procedure must also 
be considered. 

Your Rosedale Model6 is now ready for operation! 

Rosed81e Engtneenng Slandarris are the property of Rosed8fe Products. Inc A Rosedale standard or copy thereof shalf not be diStributed (except w~h express approval of Rosedale 
Products, Inc.) to any mdwtduaf or ftrm the mtended ftrm or mdtvtduat. Fvms of mdwtduafs ac&ng contrary to the above may be subject to su~. meltgtbtfity for con&nued or 
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II. Operation 

Filter System Start-Up Procedure: 

Prior to turning on the flow to the inlet service, please make the following checks: 

1. Check inside filter unit to be sure basket and filter bag (if applicable) are in housing and do 
not require cleaning or replacement. If necessary install a clean filter basket and bag (if 
applicable). 

2. Check that filter unit cover is securely fastened to housing. You are now ready to open the 
flow to the inlet service line. Slowly open the inlet service line approximately 25% of normal 
operational flow (open slowly as not to displace filter bag inside the housing). After filter 
unit is pressurized and vented, slowly open outlet service line unit valve until completely 
open. Complete opening of inlet service line until desired flow rate is reached. 

Once the desired service flow has been established, the filter will operate efficiently until dirty. However, 
under no circumstances should more than 15 PSI Differential Pressure through the filter be obtained. 
Operating the filter unit with a high differential may cause filter bags to rupture and/or cause damage to filter 
system and downstream equipment. 

To prevent excessive drop through the filter unit, regular inspection of the filter media is required. Monitoring 
of differential pressure through the housing can be utilized as a means of determining whether or not the filter 
media needs cleaning or replacement. 

When it becomes necessary to clean or replace filter media, follow the procedure outlined below: 

1. First close the flow from the inlet service line. 
2. Close the flow to the outlet service line. (In some applications closing flow to outlet is not 

required.) 
3. Relieve the pressure from the filter unit. 

4. 
5. 

6. 

Relieve Pressure In accordance 
with Manufacturer's instructions 
before opening Filter Vessel. 
FAILURE TO DO SO MAY RESULT 
IN SERIOUS BODILY INJURY. 

Drain housing sufficiently to access filter basket. 
Remove cover by loosening the cover eyenuts. The eyenuts in the slotted comers should be 
loosened sufficiently to swing free. Loosen the third eyenut sufficiently to allow the top 
cover and closure assembly to swing away from the top of the unit. 
Remove filter basket and clean thoroughly, remove the filter bag (if applicable) and throw 
away. (Cleaning and reusing the filter bag is not recommended.) 

Rosedale Engtneermg Standards are the properly o/ Rosedale Products, Inc A Rosedale standard or copy ti!Breol shall not be diStnbuted (except wnh express approval of Rosedale 
Products, Inc.) to any mdtvtdual or ftrm beyond the mtended rectpJBnl ftrm or mdtVIdual Ftrms of mdtvtduals actmg contrary to the above may be subject to sun, meltgtbdtty lor conbnued or 
future em Ia ment or removal from Rosedale's • roved Manufacturers and S CIBI Contractors List•. 
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7. Remove debris and sludge from inside the inlet portion of housing to avoid interference with 
cover seal or flow of fluid being filtered. 

8. Remove basket seal (if applicable) and inspect, replace if necessary. 
9. Install clean filter basket and filter bag (if applicable). Place the basket into the filter housing, 

make sure the basket flange is firmly seated on the basket collar. If applicable, insert bag on 
top of the bag basket flange making sure filter bag ring is firmly seated inside the basket 
flange. For best results, be sure filter bag is installed fully extended to the bottom of the 
basket. 

10. Inspect cover gasket for cuts or other signs of failure and make sure it is properly seated. 
11. Move cover back into position, and alternately tighten the three clamp assemblies evenly to 

ensure a leak proof seal between cover and housing body. Torque closure a~semblies to a 
minimum of 60-9Qfl·lbs. Higher torque may be required depending on your application and 
filter condition. 

Your Rosedale Model 6 Filter unit is now ready for operation. Refer to filter system start-up procedure. 

III. Spare Parts List 

Your Rosedale Model6 Filter unit will give you many years of reliable service provided periodic inspections 
are made of various components and replacement of worn parts are made promptly. The following is meant to • be a recommended spare parts list, these parts are illustrated on the following page. 

SPARE PARTS UST 

Balloon Description Part Number Time-Frame 

1 Cover Seal 6150CG-* as needed 

2 Basket Seal 6BG-* as needed 

3 Cover 6*150 as needed 

4 Eye Nut 8ENNI as needed 

5 Rod End 8RENI as needed 

6 Clevis Pin Assembly 8CPNI as needed 

7 FilterBa2 ~SeeOnier) as needed 

8 Filter Basket See Order) as needed 

q 'l'ri nnrl T P<>C /;'1'1 R*~ a_~ nPPrtPrt 

* Select Material Designation: C=Carbon Steel B=Buna N 
S=304 Stainless Steel E=Ethylene Propylene 
S316=316 Stainless Steel V=Viton 

TEV=Tellon Encapsulated Viton 
TSW=Teflon Solid While 

• Rosedale Eng111eenng Standards are the properly of Rosedale Products, Inc. A Rosedale stanelard or copy thereof shall not be distnbuted (except Wllh express approval of Roseda/9 
Products, Inc.) to any mclivtduaf or firm beyond the mtended reCJp~&nt firm or mcJMduaf Firms of inCINtduals aCIJng contrary to the above may be sub;9Cito sud, 1/lell{libtidy for continued or 
future emolovmenl or removal/rom Rosedale's "Aooroved Manufacturers anel Soectaftv Contractors Ltsl' 
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IV. Spare Parts Diagram 

--· INLET 

I 

t 
OUTLET 

Specification No. 
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Important Notice 

Warranty: In the event any Rosedale Products, Inc. filtration product is found to be defective in material, workmanship, or not 
in conformance with any express warranty for a specific purpose, Rosedale's only obligation and your exclusive remedy, shall 
be to repair, replace or refund the purchase pnce of such parts or products upon timely notrfication thereof and substantiation 
that the product has been stored, maintained and used in accordance with Rosedale's written instructions. 

EXCLUSIONS TO WARRANTY: THIS WARRANTY IS EXCLUSIVE AND IS IN LIEU OF ANY IMPLIED WARRANTY OF 
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR OTHER WARRANTY OF QUALITY, EXCEPT OF 
TITLE AND AGAINST PATENT INFRINGEMENT. 

LIMITATION OF LIABILITY: Except as provided above, Rosedale shall not be liable or responsible for any loss or damage, 
whether direct, indirect, incidental, special or consequential, arising out of sale, use or misuse of Rosedale filtration products, 
or the user's inability to use such products. 

THE REMEDIES SET FORTH HEREIN ARE EXCLUSIVE. 

Rosedale Products, Inc. 
3730 West Liberty Road 

Ann Arbor. Ml48103 USA 
734-665-8201 
800-821-5373 

Fax. 734-665-2214 
filters@rosedaleproducts.com 

http://www .roseda1eproducts.com 

~==============================================================~ 
Rosedale E.ngmeenng Standards are the property ol Rosedale Products. Inc A Rosedale standard or copy thereol shall not be diStributed (except wdh express approval ol Rosedale 
Products, Inc.) to any mdNidual or firm beyond the mtended recipient firm or individual. F~rms of mdNiduals actmg contrary to the above may be sub)Bct to sud, meligibility for contmued or 
future employment or removal from Rosedale's "Approved Manufacturers and StJBC~altv Contractors List" 
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MODEL 6 BASKET STRAINER AND BAG FILTERS 

~ Model 6 Basket 
Strainer and 
Bag Filters 
Smin.e:m or Bag Fllters: 
~urOloice! 

M>del6 strainen'fillerhowingsare made 
in 3 sizes and 3 pressure mtings. and 
can serve as baslet slminen; (G)r particle 
retention down to 74 mi:ron size) or as 
bag filters (for particle retention down to 
1 micton size). h aD cases. covers are easil;y 
removed without special tools, and the 
baslmt or bag is easiy cleaned or replaced. 

Features 
• low presswe drops 
• 1\mnanentJy piped housings 
• Q)vem are 0-ring sealed 
• Camon steel or stainJess steel 

(304 or 316) c:onslruction fur housings 
• All.housiDgsare electmpoli!hed to 

resist adhesiln of dirt and s:ale 
• Easy to clean! 
• Ad,juSable-height legs, standani 
• 0-ring seals: ama N, ~ 

Vitnn~, ,.flon~ 

• MNEcode stamp available 
• 'lluee pressure ratings: 150, 210 

or300 psi 
• Duplex wUis are available 
• Qm provide 3.4 sqwne ieetofbaslet 

or bag auface area without need fur 
MNEcode conslruction 

• 'lluee haslet depths: 12, 18, or30 
inches (nommal) 

• f\:lecial aDo~ 

Options 
• &nalyc:onslruetion 
• Dif&nentoutletconnec&ns 
• Higher pressure mtings 
• EXIra-length legs 
• Heatjacleting 
• IX! uid dispJacers fur easier eervi::ing 

Cb~m are aecwed by 
8uee e)enut -mblles. 
One ofthom octB liSa 
binge, when the cover 
is opened. 

Choosing a Basket 
Strainer or Bag Filter 
Oloose between straining (remomg parlEies 
down to 74 micron size) or filtering a 
f1uKi (removing parti:les down to 1 mi:ron). 
'lhlJ wit direct )'OU to the correct baslmt 
when otdering. 

Operation 
Un61tered li}uid enters the housing above 
the bag or haslet and passes down thmugh 
them. &liis are contained inside the bag or 
baslle4 where they am 
easily and c:omplete\y 
temoved when the 
u.ni is seM:ed. 

Fhlid byp~ around 
the basl!et is pmvented 
because the outside 
diameterofthe bag 
filter seals against the 
housing inside 
diameter 

http://img.directindustry.com/pdf/repository _ di/57894/model-6-basket-strainer-and-bag-filters-... 11/16/2009 



Page 1 of 1 

MODEL 6 BASKET STRAINER AND B A G FILTERS 

Asingle covergaslletis used to eeal the 
openmg, and eovem can be instaDed and 
mmoved without took 

Pressure Drop Data 
ftlsi!et stzainem and bag filleJS are USlUllbr 
selected m lbat the ptesswe dmp does not 
e~ 2 psi, when they me cean. HWber 
p188!We chops may be tolemted, when 
contamnantloading is low. 8Jg change 
should occur at 15pski. 

'lhe pteSSUJ.e chop data 8 accum1e mr al 
housings wtil sUainerorbag 8er basketa. 
When beg fillers are added, total preaue 
chop becomes the sum of the ple8BU1e chop 
asde..,nnined by the sleps below, phis the 
ptefBlle drop through tbe bag as defined 
in lbsedale Flier Dig secti>n 

Follow thue easy steps: 
1. Using the desired pipe aU.e and 

appmximate flow mle, detemme 
the basi: pmsswe chop &om the 
appmprlate gmph. 

2. ~),y the ptesswe dmp obtaned in 
step 1 by the viaco~ conection Glctor 
fOund in the accompanying table. 'Ibis 
is the 8(\justed (cean> presswe diOp 
fbraRbasle~ without bag fibm. 

3. Add the prelflllle drop furthe bag filler 
Note: Flerbags are specified eepam.te\y. &e 
page 120-130. 

1 so 100 
v~. c,s 

200 400 ... ... 1otO 1100 
CH.OJ 

Allunbd ..... • 65 .86 1.00 1.10 uo 1.40 uo 1.60 1.80 

40 ........ 11ned .73 .911 1.20 uo 1.60 1.80 IJIO 2.00 :uo 
00-mMt lDo!d :n 1.00 1.10 1.00 uo :uo 2.20 uo 2.30 

~lined ,IS 1.20 1.60 1.00 ~. 10 2.40 2JiO %.80 3.60 

loo..no.lt hd 1.00 1.30 uo 2.20 ~.40 2.10 8.00 uo 4.40 

~IDo!d 1.30 1.10 uo 3.00 uo :uo 4.40 li.OO 8.80 

Basket Data 
Dllpth Dlmnllter S..rfaoe Volume Big 

N...._. .... ~ (cu. ln.) .. 
(lncltelt , ... ft.) No. 

12 5 1.3 285 7 
18 5 2.0 350 8 
30 5 3.4 630 9 

Model 6-For flow 
rates to 100 gpm* 

J.Jr4" 

IClO 
a.o 

11po.,. I' a l ·lrJ r s· 

u 
6JI 
u 
~A 
u 

"l:r.o 
~ 1.6 

.i IJI 

J ~ .. 
.211 .., 
.15 

.10 

1-

;_ 

--

- II 
I 

-

j 

- . 
i 

r: . 
II 
r 

. ·~ I 

' "' I 
,.._,_ 

r 

~ :!! 11 u ~ ::! a i~ ~ i a ~ § § ,.,., ... 

~ut.col'emwidl bag filler and basletor 
baslet straines: 

http:/ /img.directindustry .com/pdf/repository_ di/57894/model-6-basket-strainer-and-bag-filters-. .. 11/16/2009 
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MODEL 6 BASKET STRAINER AND B A G FILTERS 
-------------------------------------------------------

Dimensions ( I?\) 

Cover Types 

EVENUT 
COVER 

CSfltlt __ .., -----
Dimensions (]N) 

Model Pipe A A1 .. 
6-U 1 D 2.5 

1·114 8'.3 u 
1·112 6.3 2.G 

2 7.1 3.4 
3 7.1 3.4 

6-18 1 8.3 2.6 
1·114 6.3 2.11 
1·1/2 6.3 2.G 

2 7.1 3.4 
3 7.1 8.4 

6'SO 1 f.3 2'.8 
1-114 6.3 2.6 
1·112 6,3 2.6 

2 7.1 3.4 
3 7.1 3.4 

B c D 

4.3 8.0 17.8 
4.3 6.0 11.6 
4.3 6.0 17.6 
4.8 8..0 16.6 
4.3 6.0 17.0 
4.3 8.0 12.8 
4.3 8.0 22.8 
4.3 6.0 22.8 
4..3 8.0 21.8 
4.3 6.0 12.3 
u 6:0 318 
4.3 6.0 32.8 
4.3 6.0 32.8 
4.3 6.0 31.8 
4.3 6.0 32.3 

-

Outlet Styles 
Flanged 'Duended 

(150 .,, Ale (NI'I) 

SI'YLE 1 

SI'YI.E 2 

~~·j· 

Ll ... ...,.,..,.... 

E , G " L 

19.0 4.3 17.4 18.1 6.0 
111.0 4.7 17.4 1&4 5.0 
19.0 4.'1 17.4 18.8 G.O 
19.0 6.6 16.5 18.8 !>.0 
19.0 6.6 JU 19.9 7.3 
24.3 4.3 22.1 23.3 6.0 
24..3 4.7 22.7 23.7 !>.0 
24.3 4.7 32.7 24.0 5.0 
24.3 6.6 21.8 23.8 !>.0 
34.3 6.6 21.8 26.3 7.3 su ,tJI 5:!.7 9lU :u 
34.3 4.7 32.1 33.'1 6.0 
34.3 4.7 32.7 34.0 6.0 
34.3 6.6 31.8 33.8 5.0 
34.3 6.8 31.8 35.3 7..3 

N 

2.6 
u 
u 
4.0 
6.1 
2.6 
2.!1 
u 
4.0 
6.1 u 
a.9 
u 
4.0 
8.1 

http:/ /irng.directindustry .cornlpdflrepository _ di/57894/rnodel-6-basket-strainer-and-bag-filters-.. . 11/16/2009 
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M 0 D E L 6 BASKET STRAINER A N D B A G FILTERS 

l:Il How To Order 
:auld an ordering code as ebown in the emmple 

lt~n_t c--=-OpUons 1 
Example: t ··30 · S,P · t ·300 "'C · B ·9 · 11 200 -D · C 

MODEL NO. 
8 . •• 

HOUstNG SIZ£ 
12 ineb. :_ -j ~ 

J 

~g~ =~= ____ __, 
,.PE SIZE, NPI' end FL:ANQED1 
314-BL Iiiio. NPI' a~/4P 
1-Ct.IRWt NPF • 1P 
1-ll4.jo, Emale NPl' - ~-1./!l~P 
1-112-m. li!male NP1' • f -1/lP z.n mmallt NPI' • z·p · 
3-in. fitmallt NPI' • 3P -
314.fn, 150 c .... AN!Uange -·a~4F 
l-in. 160c .... ,AN!lllanp • 1P 
1-ll4-in.150clus ANSI'8nge • 1·1 /4P 
1·11241. 150clu!AN9:tlange ,. 1•1/ 2F 
2.jo, 150 c .... .AN!llllnge -2F 
3_..,, 150 claa!AN911ange • 3P 

OuneTsrtLe 
&,Mom •1 
Sde •2 
Blllom eblw • 3 

PRESSURE RAnNQI 
160 psi. (liang ad or NPI) 
210 l!'i(lklnged orNPI) 
300 poi. (ftmged or NPI) 

HOUSING MAT!JIIAL 
Olabon .-eel • C 
304 ...... 1111ael .. s 
316lltlliN!a llllM!I • SUI 

c210 

·-

L A!IIE CODESI'AMP 
c •01.~ 

DtSPLACER 
'---- D • Dillp•r 

8A.I!T, MI!DIA SIZE 
No eymbollf type 8 
b .. kel ••• •feCted 
R!mmt»n diametam (&lr 
\l'Pe PbMiltl)l/ 4, 3116, 
9164, 3/32, 1/16 

Metb .,(lOr• Mand 
JNba!llrat.l20, ao. «<, IiO, 
80, 70, 80, 100, 160, 20Q 

BA.ETTVPE 
P8 -= lillllrbagb~ 

9164 pemd.li)ns> 
P • Smlnerb-*1, 

petfonUed metal 
BM •Fhrbag b ...... t, 

polfomlad, IDI!llb. bel' 
'------- U = S:milerb"*t, 

pemuated, mesh lined 
HWM • Flier bag bullot, 

hcao,y wile niAlllh' 

BASKET SEAL 
N • No atal (nm,roo M>dels 

4 "'6 bag-~We buletl) 
'-------- S =&ni~~equired Celwii)'!Son 

ModelS bag-4lt'Pf!baslmls) 

COVER SEAL 
'--------- 8 -amaN 

E • B:leylsne Rop)'i!ne 

1. Flanges provided wilh the howmg mat&:b the ~1111UR11111ing oflhe w•L 
HoiiMgsltlllld 150 psi ha\'e 150 clul flanges. tblllings mtod 300 psi have 
300 eliwl flange& AN9 816.5 AeiiiiUie·'l!mpemlwe mling tablea delennine 
Oaoge elsa! !Or ACNE code howmgs. Olnsult !Kio.y. 

V • ~na Hl.»aoa~mor 
TEY • 'i!tbn• BxllPSUhlcd Woo
TSW = 'l!tbn• c ... lid whib!.) 

2. f!WborptllSlUtO m.tingsll\'lllhblo. OIMJII.Illcloay. 
3. l'lllor bags am speciliod llllpamtllb'. Slo page 120-130. 
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Figure I -l'tostic Mini Plus PORTA-FEED 
Base Tank 

Overview 
Although chemical needs may not be 
large In volume for some plants, the 
effort and precautions required by 
employees to deal with them are full 
scale. Checking Inventory, ordering 
supplies, wrestling drums into place, 
maintaining adequate storage space, 
and drum disposal costs and liabilities 
are some of the hassles encountered 
with drums. 

The Plastic Mini Plus PORTA-FEED 
Base Tank (Agure I) will remove these 
hassles. It is a way to let someone else 
do the ordering. handling and monitor
Ing of treatment chemicals with a 
comprehensive service that eliminates 
problems associated with drums. 

In short, there is nothing quite like the 
Plastic Mini Plus PORTA-FEED Base 
Tank. Only Nalco offers this hassle
free, hands-off chemical delivery 
system. 

Benefits 
The Plastic Mini Plus PORTA-FEED 
Base Tank Is an alternative to the 
stainless steel PORTA-FEED Base 
Tank. Features Include a forklift 
accessible containment basin, 
elevated pump stand, glued rather 
than threaded plumbing, standard 
PORTA-FEED level gauge, manifold 
and transfer hose. The outlet Is 
flanged to permit easy field replace
ment of the level gauge. The 
specHled product label and MSDS 
are provided with the unit. 

The Plastic Mini Plus allows Nalco to 
meet the growing need for base 
tanks for products not compatible 
with stainless steel. It Is also Ideal for 
those environments corrosive to 
stainless steel. The base tank 
remains property of Nalco and is 
leased to the customer as part of 
the PORTA-FEED program. 

Table I - Benefits af the Plastic Mini Plus PORTA-FEED Base Tank program over drums 

Costnem Cents per pound (lb) 

1. Drum disposal ($25 to 200/drum) 5to40 
2. Drum heel and spillage (1 to 1.5 gaUon/drum) 5to 10 
3. Drum handling and warehousing 5to 10 
4. Product inventory (5 to 20"/o) 5to 20 

Total cents per pound = 20 to 80 

Also Included are: 
• lower liability • improved safety • continuous feed 

Program Profile PR-259 



The Plastic Mini Plus PORTA-FEED 
Base Tank helps simplify your chemical 
handling while helping to Improve 
safety and control costs. 

Safety 
• Helps prevent Injuries resulting from 

handling drums 

• Eliminates chemical exposure 
hazards by eliminating triple-rinsing. 
cutting, or crushing drums for 
disposal 

• Helps prevent chemical spills 

Cost Control 
• Minimizes equipment damage/failure 

by ensuring dependable chemical 
feed 

• Frees up facility labor from time 
spent moving chemical containers 
and replacing chemical inventory. 
Also helps eliminate time, hassles 
and costs associated with empty 
drum disposal. 

• Helps eliminate potential future 
liabilities associated with landfill 
cleanup 

• Helps reduce inventory costs by 
eliminating warehoused inventory 

Results 
• Reduces floor space required for 

storing drums and drum handling 
equipment 

Figure l - Transporter unit 

• Reduces the chance for chemical 
spills (See SARA 11tle Ill regulations) 

• Assures quality of operation through 
consistent chemical feed and mainte
nance of chemical inventory 

Simplicity 
• Minimizes hassles and costs associ

ated with ordering chemicals and 
avoids rush order situations 

• Reduces the number of chemical feed 
problems associated with vacuum-lift 
feed systems 

General Description 
The Plastic Mini Plus PORTA-FEED 
Base Tank is a chemical container for 
use In holding chemical inventory and 
feeding into plant processes. The II 0-
gallon Plastic Mini Plus PORTA-FEED 
Base Tank base Is delivered, fully 
assembled, In a box, to a customer site 
and hooked up to feed chemical to the 
customer's process. A Nalco-tralned 
delivery specialist delivers the chemical 
in a 55-gallon transporter unit (Figure 
2) and transfers the product Into the 
base tank. Nitrogen pressure at 5 psig 
Is used to transfer chemical from the 
transporter unit to the base tank. The 
deHvery specialist takes die empty 
transporter back to Nalco for reuse. 

All PORT A-FEED base tanks 
remain the property of Nalco 
Company. 

Design 
Each Plastic Mini Plus PORTA-FEED 
Base Tank has a nominal capacity of 
110 gallons. 

SAFETY NOTE: Each Plastic Mini Plus 
PORTA-FEED Base Tank is an atmo
spheric container and pressure is not 
to be applied to the base tank. This 
base tank is not approved for use 
with flammable products. 

• 
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Use 

The Plastic Mini Plus PORTA-FEED 
Base Tank Is specially designed for use 
as a chemical Inventory and feeding 
container at the application site. Each 
Plastic Mini Plus PORTA-FEED Base 
Tank should be filled with the 55-
gallon transporter units.At the initial 
filling of the Plastic Mini Plus PORTA
FEED Base Tank. it is filled with only 
one 55-gallon transporter. 

Feeding and transfilling accessories 
for a Plastic Mini Plus PORTA-FEED 
Base Tank are included with the unit. 
Complete secondary containment is 
available. These containment basins 

have been designed and built specifi
cally for the Plastic Mini Pius PORTA
FEED Base Tank. 

Return 

Any Plastic Mini Plus PORTA-FEED 
Base Tank may be returned to Nalco 
by calling 800-77-PORTA (SOO-n7-

6782 or 630-305-1677) (in the United 
States). 

Each Plastic Mini Plus PORTA-FEED 

Base Tank returned to Nalco must be 
empty, free of contamination, and in 
the same condition as received, less 
normal wear and tear. 

NALCO COMPANY OPERATIONS 

How To Get Started 

To select the right PORTA-FEED 
program for your needs, contact your 
local Nalco sales engineer. 

North America: 1601 Wen Diehl Road • Naperville, Illinois 60563-1198 • USA 
Eumpe: lr.G.T)almaweg I • U4l BV Oegsqeest • The Netherlands 
Asia Pacific: llnramatlonal Business PMk • #Ol-lOThe Strallll)' Tower l • Singapore 609930 
Latin America! Av.das Na~6e5 Unidas 17.891 • 6° Andar 04795-100 • Slo Paulo • SP • Brazil 

www.nalco.com 

PORTA-FEED. NALCO and the lozo ""' Rl!&lru!red Tr&dem:arl<s of Nolco Company 
@2005 Nafco Company All Rl&hts Res""'GCG 3-45 



Stenner® 
Peristaltic Metering Pumps 

Peristaltic Tube Pumps 
• Pump capacities from 0.2-170 gpd; 

100 psi maximum 

• Self-priming; won't lose prime 

• Run dry without damage 

• No check vaiVL'S to clog from dirt or minor debris 

• Interchangeable pump tubes and subassemblies 

Control Features 
• Manually adjustable models in single and dual 

head configurations 

• Proportional control with a 4-20 rnA control signal 
for pH applications 

• Programmable timer versions for the automatic 
dosing of bacteria, enzymes or biocide 

Description 
Stenner peristaltic pumps are inexpensive metering 
pumps designed for light industrial applications. 
Liquid is pumped by changing the speed of rotating 
rollers that form a seal and "squeeze" the Santoprenc"' 
tubing to develop up to 100 psi discharge pressure. 
The Classic Series allows you to adjust the pump 
output manually by positioning the feed rate control 
dial between 5 and 100'!1., capacity in 2.5°!.• increments. 
Duplex versions have two pumping heads. The 
output of each head can be controlled independently. 

The SVP Series incorporates the capability to k'Cd 
chemical in proportion to a 4-20 m/\ control signal fur 
pH and flow applications. 

The BDF Series has a built-in programmable timer 
that feeds chemical on either a 7-day or 24-hour basis. 
These pumps arc ideal for dosing enzymes in drain 
line maintenance programs and biocides in industrial 
cooling towers and water fountains. 

NNALCO 
Specification SPEC-476 

Classic Series Single Adjustab le 

Classic Series Double Adjustable 

SVP Series 

BDF Series 

Figure 1 - Slsnner Psn'slallic Pumps 

Peristaltic metering pumps offer many advantages in 
low pressure, indoor and light industrial applications. 
They arc self-priming- won't lose prime, can run dry 
for short periods without damage, do not have check 
valves to clog from dirt or minor debris and have 
interchangeable pump tubes and subassemblies. 
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Each system includes the pump with a 115 VAC cord 
and accessory kit for installation. 

The accessory kit contains: 

• 3 connecting nuts 1/4'' PVC 

• 3 fcrruk'S 1/4" PVC 

• Injection check valve PVC/Santoprenc 

• Ceramic weight with clip 

• 20 foot roll of 1/4" white suction/discharge tubing 
LOPE 

• Spare pump tube. PVC/Santoprcnc. Tube size 
is stamped on tube fitting. Pump tubes arc inter
changeable across all Stenner pumps. Tube sizes I, 
2 and 7 arc rated for 100 psi. 

• Operation manual with complete installation and 
maintenance procedures. 

Pump Selection Guidelines 
hoosc the Stenner peristaltic pump that meets your 

required capacity. Be sure to consider the minimum, 
maximum, typical and upset conditions when sizing 
your pump. For the BOF pumps, also consider the 
number of dosing events per day. 

Check the chemical compatibility of the chemical 
program with the standard materials of construction: 
PVC/Santoprene/ LOPE. Make sure that the system 
pressurL>s plus line losses do not exceed 100 psi. Also, 
be certain that there is a grounded 115 VA C. 60 Hz. 
15 A outlet available. 

Lastly, verify that the control features available match 
your application needs. The Classic Series features 
manual control. The SVP Series will follow a 4-20 rnA 
control signal. The BOF Series has a built-in event 
timer (24-hour or 7-day) to control chemical feed. 

2 

To Order 
Select a standard Nalco pump whenever possible to 
reduce lead time. However, if you do not see a pump 
that meets your application needs, contact the NGES 
Help Desk (800-323-8483). 

Order the Stenner pumps and accessories using the 
Nalco part number listed in Tables 1-5 on pages 4 
and 5. Each pump includes an accessory kit with 
spare peristaltic tube. Consider ordering additional 
spare peristaltic tubes with the initial purchase to 
ensure uninterrupted operation. Order the rain roof 
(l2t-P01170.88) for outdoor installatium; to protect 
the gear motor. 

Maintenance Guidelines 
Follow the important guidelines below to prevent 
damage to the pump or chemical spills. 

• Wear the appropriate personal protective 
t:!quipment when working on the pump. 

• Usc care to relieve the pressure in the tubing to 
avoid spills or contact with chemicals. 

• Always wipe off chemical residue from the pump 
and components before replacing tube. 

• Check the pump tube regularly for leaks and wear. 
At the first sign of leakage, replace the pumping 
tubes and ferrules. 

• Tighten the suction/discharge tubing finger tight 
only. Tools will damage plastic fittings. 

• 1nspecl the suction/discharge tubing, injection 
point (into pipe) and injection check valve 
"duckbill" after any tube rupture. Clear as required. 

• Follow the pump tube replacement instructions 
carefully to obtain the maximum tube life. Be sure 
that the tube is align(.-d in the center of the rollers 
and not twisted. 
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If you have any questions regarding this specification, 
please contact your Nalco representative. In North 
America, you can also contact the Nalco Global 
Equipment Solutions Help Desk at 800-323-8483. 
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• Table 1 - Classic Sedes Single Control 

Nalco Capacity Maximum Replacement Part Number 
Part Number (gpd) Pressure (psi) Control Mode Tube Number (pkg of 2) 

- :;;> 121-POU51.88 3 100 Single Adjustable 1 121-P01185.88 I 
- -121-P01153.88 5 100 Single Adjustable 1 121-P01185.88 

121-P01152.88 10 100 Single Adjustable 2 121-P01187.88 

121-P01154.88 17 100 Single Adjustable 2 121-P01187.88 

121-P01159.88 40 100 Single Adjustable 7 121-P01189.88 

Table 2 - Classic Series Dual Control 

Nalco Capacity Maximum Replacement Part Number 
Part Number (gpd) Pressure (psi) Control Mode Tube Number (pkg of 2) 

121-P01155.88 6 100 Dual Adjustable 1 121-P01185.88 

121-P01157.88 10 100 Dual Adjustable 1 121-P01185.88 

121-P01156.88 20 100 Dual Adjustable 2 121-P01187.88 

121-P01158.88 34 100 Dual Adjustable 2 121-P01187.88 

Table 3 - SVP Series m1h 4-20 mA Follower 

• Nat co Capacity Maximum Replacement Part Number 
Part Number (gpd) Pressure (psi) Control Mode Tube Number (pkg of 2) 

121-P01160.88 5 100 4-20 rnA 1 121-P01185.88 

121-P01161.88 17 100 4-20 rnA 2 121-P01187.88 

121-P01162.88 40 100 4-20 rnA 7 121-P01189.88 

121-P01163.88 60 25 4-20mA 4 121-P01138.88 

121-P01164.88 85 25 4-20 rnA 5 121-P01139.88 

Table 4 - BDF Sedes with Timer 

Nalco Capacity Maximum Maximum Replacement Part Number 
Part Number (gpd) output/event (ml) Pressure (psi) Control Mode Tube Number (pkg of 2) 

121-P01140.88 0.3 39 100 24 hour timer 1 121-P01185.88 

121-P01141.88 1 134 100 24 hour timer 2 121-P01187.88 

121-P01142.88 0.3 39 100 7 day timer 1 121-P01185.88 

121-P01143.88 1 134 100 7 day timer 2 121-P011B7.B8 

• 4 



Table 5 - Stenner Pump Accessones 

Nalco 

Part Number 

121-PO 1168.88 

121-POII69.88 

121-P01170.88 

121-P01171.88 

121-POII72.88 

121-P01173.88 

121-POII74.88 

121-P01175.88 

121-PO 1176.88 

121-POII77.88 

121-PO 1178.88 

121-PO 1179.88 

121-POII80.88 

121-PO 1181.88 

121-P01182.88 

12"1 -POl "183 .88 

121-P01184.88 

121-P01185.88 

121-P01186.88 

121-P01187.88 

121-P01188.88 

121-PO 1189.88 

121-POII90.88 

121-P01191.88 

121-P01192.88 

121-POII93.88 

121-P01194.88 

121-P01195.88 

121-POIIlJ6.88 

121-POIIlJ7.88 

121-POlllJ8 88 

121-PO 1199.88 

121-POII37.88 

Description 

Gear Motor Ct>rnplet(• Series 45 & 100 115V 

Ce;Jr Motor Complete Series 85 & 170 115\1 

Rain Roof for Stenner Pumps 

Mounting Shelt for Stenner Pump~ 

Feed R;Jte Contwl Single Head with Sh;Jft 

Feed Rate Control Dual Hmd with Shaft 

Main Shaft Sangle Head Adjustable 

Main Shaft Single Head Adjustable Package of 2 
Pump Head with Tube #I 

Pump Head with Tube #1 Package of 2 

Pump Head with Tube #2 

Pump Hl'ad with Tube #2 Package of 2 

Pump Head with Tube #7 

Pump Head with Tube #7 P.1ckage of 2 

Tube Housing Only Package of 2 

Roller Assembly Package of 4 

Tube Housing with Cover Bush Packilge of 4 

Pump Tube #I with ferrules Package of 2 

Pump Tulw #I with ferrules Packilge of 5 

Pump Tube #2 with ferrules Package of 2 

Pump Tube #2 with ferrules Pack.1ge of 5 

Pump Tube #7 with ferrules Package of 2 Single Head 

Pump Tube #7 wath ferrules Package of 5 Single Heild 

Connecting Nut I I 4" Package of 10 

Connecting Nut with Adapter 3/8" Pack.1gc o~ 2 

Ferrule 1 I 4" Package of 10 

Injectaon Fitting with nut cand ferrule Pilckagc of 5 

Injection Check Villve I I 4" 

Injection Check Villvc 3/8" 

Accessory Kit #I Tube I /4" White Suction/Disch;uge 

Accessory Kit #2 Tube I /4" Whitl' Suction/Dischcarge 

i\ccl'ssory Kit #7 Tube I /4" White Suction/Discharge 

Tubing Polyethylenl' 1/4" 100 feet black UV 

NALCO COMPANY OPERATIONS 

North America: 1601 West Oaehl Road • Napervalle, llhnoas 60563-1198 • USA 
Europe: lr G T1almaweg I • 2342 BV Oegslgeesl • The Netherlands 

Asia Pacific: 2 lnlernalional Business Park • #02-20 The Slralegy Tower 2 • Singapore 609930 
Latin America: Av das Na~6es Unidas 17 891 • 6" Andar 04795-100 • Sao Paulo • SP • Braz11 

www nalco.com 

Sanlopreno IS a Reg1slerod Trandemark of Monsanlo Company 

Slonner 1s a Rog1slerod Tr~domark of G. H Slenner & Company 

NALCO and lhe logo are Reg•slered Trademarks of Nalco Company 

©20().1 Nalco Company All R1ghls Reserved 6-04 
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Corporation Stop Injector 

• Injects chemical away from pipe walls, eliminating 
localized corrosion at the injection point, and 
improves chemical dispersion 

• Can be removed without total system shutdown 
and drainage 

• Safety chain prevents blowout during installation 
and removal under system pressure 

Description 
Corporation stop injectors provide two distinct 
advantages over simple tap connections into large 
main pipes: 

1. The nozzle may be extended for injection near the 
center of the large main for more effective chemical 
dispersion . 

2. The nozzle may be removed and the corporation 
stop closed without interrupting the main flow. 

The chain provided is used to help prevent the nozzle 
assembly from being completely withdrawn and to 
hold it against back pressure. It should always be 
used. When extended to its full length, it permits the 
nozzle to be withdrawn enough so that the corpora
tion stop may be closed, sealing the injection point. 
The chain may then be disconnected and the nozzle 
removed. (See Figures 1 and 2.) 

Nalco offers the corporation stop in two sizes and two 
materials of construction for varied applications. 

To Order 
Contact your local Nalco sales engineer or our Nalco 
Customer Service at 1-800-288-0879. Order by Nalco 
Part Numbers. All items are shipped FOB Chicago, IL . 

~ 
NNALCO 

Specification SPEC-240 

Figure 1 - Cotporahon Slop Injector (CPVC) 

Rgure 2- Corporation Slop Injector (polypropylene) 

Specifications v 
Nalco Part No.: 231-P6060.88 231-P6037.88 

Injection Nozzle: CPVCTube Polypropylene 
Body: Brass Bronze 

Maximum Pressure: 100 psi 125psi 

Maximum Temperature: 120°F (49°C} 110°F (38°C) 

Shipping Weight: 2.5lb 4.01b 

Valve Connection: 3/4 in. MNPT 1 in. MNPT 
Nozzle Connection: 1/2in. FNPT 1 2in. FNPT 



Installation 
1. Inspect the corporation stop injector assembly for 

any possible damage incurred during shipment. 

2. Loosen compression nut and remove the injector 
nozzle assembly. 

3. Close the corporation stop valve. 

4. Prepare the main to be treated to accept male pipe 
threads on the corporation stop valve. Refer to the 
recommended injector nozzle mounting position 
(Figure3). 

5. Apply thread sealant to male pipe threads on the 
closed corporation stop valve and install into the 
main. 

6. Slide compression nut and seal onto the injector 
nozzle as illustrated in figures 4 and 5. 

7. Insert the injector nozzle into the corporation stop 
valve until the end of the nozzle is touching the 
closed plug or ball inside the corporation stop 
valve. 

8. Place the safety Line retainer ring onto male pipe 
threads of the injection check valve (not included 
with this assembly). 

9. Apply thread sealant to male pipe threads on the 
injection check valve and install with the attached 
safety line into the 1/2" FNPT injector nozzle 
check valve connection. 

10. Securely tighten compression nut onto 
compression adapter threads on the corporation 
stop valve. 

11. Slowly open the corporation stop valve. 
CAUTION: Do not place your hands between the 
injector nozzle assembly and safety Line during 
this operation. If compression nut is not securely 
tightened, pressure can cause the injector nozzle 
assembly to suddenly back out and pull the safety 
line tight against the nozzle. 

12. Carefully loosen compression nut just enough 
to allow the injector nozzle assembly to be 
pushed to the desired chemical dispersion 
depth in the main. 

13. With the injector nozzle at the desired depth in 
the main, securely tighten compression nut. 

Removal 
1. Carefully loosen compression nut as required to 

allow the injector nozzle assembly to be slowly 
withdrawn to the point where the corporation stop 
valve can be closed. 

2. Close the corporation stop valve. 

3. Remove the injection check valve and safety line. 

4. Loosen compression nut and remove the injector 
nozzle assembly. 

Support 
If you have any questions regarding this specification, 
please contact your local Nalco sales engineer. ln 
North America, you can also contact the Equipment 
Solutions Technical Support Group at 1-800-323-8483 . 
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• Row 3 
f' 

val~:nlet 1-> 
angle range 

120' 
valve Intel 
mounting 

range 

Horizontal flow applications 

Figure 3 - Recommended injector nozzle mounting positions 

C01porellon slop plug valve \ 
518' 0.0. 

injector nozzle \ 3/4' MNPT \ 

'rt
_\ 

~ 45' 
u: valve inlet 

~glerange 

/ 
Vertical flow applications 

/Sa!et.jllne 
I retainer ring 

112" FNPT 
rnjector nozzle 
check valve 
conncc11on 

Figure 4- 3/4 in. MNPT Corporation Stop Injector (Nalco Part Number 231-P6060.88) 

Corporation stop ball valve 

7 0.840" 0.0. 1• MNPT 7 
injector no2:de 7 
~ d 

Safely lrne-

Figure 5 - 1 in. MNPT Cotporation Stop Injector (Nalco Part Number 231-P6037.88) 

NALCO COMPANY OPERATIONS 

/Salely~ne 
I relalner ring 

injeclor nozzle 
check valve 
connection t 
112'FNPT 

North America: 1601 West Diehl Road • Naperville, lll1nots 60563-1198 • USA 
Europe: tr.G.Tjalmaweg 1 • 2342 BV Oegstgeesl• The Nelherlands 

Asia Pacmc: 2 lntemalional Business Park • 1102-20 The Strategy Tower 2 • Singapore 609930 
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NALQUILL ® Injector 

• Three materials of construction available to 
provide compatibility with most chemicals 

• Extended length versions available for large 
diameter pipes- up to 36 inches 

• Disperses chemical product into liquid, gas or 
mixed streams 

• Minimizes contact of concentrated chemicals with 
pipe or tank walls 

Description 
The NALQUILL Injector (Figure 1) is used to evenly 
disperse liquid chemicals into pipelines. When 
properly installed, the NALQUILL injector introduces 
the chemical treatment into the bulk of the fluid, 
providing effective dispersion while preventing 
possible localized corrosion or erosion. 

Standard length NALQUILL injectors are designed 
for pipelines of 6-inch diameter or less. Extended 
versions (231-P4612.88, 231-P4613.88) can accom
modate up to 36-inch diameter pipes. Typically, 
extended NALQlllLL injectors are field cut to posi
tion the stinger in the center of the pipeline and may 
be slotted for vapor or gas flows. 

Special alloy NALQUILL injectors (231-P4611.88 and 
231-P4613.88) and the reinforced Kynar NALQUILL 
(231-P4614.88) are designed for enhanced corrosion 
resistance and mechanical strength when feeding 
corrosive products such as concentrated sulfuric acid, 
which gives off heat when diluted. NALQUILL 
231-P4615.88 is designed with a 12-inch, 316 SS 
special no-drip shield to feed oxygen scavengers 
between the dome and the storage feed tank. 

Spring-loaded NALQUILL injectors (231-P4636.88, 
231-P4637.88, 231-P4639.88) incorporate a one-piece 
body and help ensure better seating of the ball check, 
particularly in non-vertically oriented installations. 
231-P4639.88 comes with a pre-slotted tip for better 
dispersion into vapor phase streams. 

NNALCO 
Specification SPEC-253 

Figure 1 - NALQU/LL lnjec/OIS 

To Order 
Contact your local Nalco representative or our Nalco 
Customer Service at 1-800-288-0879. Order the 
NALQUILL Injector by its Nalco Part Number. 

Nalco 
Part No. Description 

231-P%10.88 6" NALQUILL, 304 SS ~ 
231-P4611.88 6" NALQUTLL, alloy 20 
231-P4612.88 18" NALQUILL, 304 SS 
231-P4613.88 18" NALQlllLL alloy 
231-P4614.88 12" Reinforced Kynar NALQUILL 
231-P4615.88 12" NALQUILL 316 SS with no-drip 

shield 
231-P4636.88 6" NALQUILL with spring-loaded ball 

check, 316 SS, 1000 psi 
231-P4637.88 6" NALQlllLL with spring-loaded ball 

check, 316 SS, 2000 psi 
231-P4639.88 6'' NALQUILL with spring-loaded ball 

check, slotted tip, 316 SS, 2000 psi 
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r 0.504" dia. 

~~'=-'o..=..::"T--~:::JII!nt< m~r------''---...., ,..... 45" 
·-·-----·----;;:. 

Standard length NALOUILL injector assembly 

1/8' bore 

Nota: 

1----------20"---------1 

Extended NALOUilllnject1on assembly 

I .i-•sm·-j 
L~ --- 3116" ••. ""' .. 

1/2" NPT 

Spring-loaded injec1or 

Figure 2-- NALOUIU Injector dimensions 

15' 

Max. injection length 
10 1/4" approx. 

Stinger detail - A 

coupling 
1/2" x 11" long SS nipple\ 1/2" x 3/8' reducer 

[::::::::::::::·2 

2 .. ' 121/2" long 
\ inlet 

1" x 3/4" SS reducer 3/8" x 3" long Kynar nipple KynarPipe 
bushing 

Figure 3- Reinforced Kynar NALOUILL dimensions (231-P4814.88) 



Specifications 
Dimensions: See Figures 2, 3 and 4 

Weight: 1lb (approx.) 

Connections: 
Standard Spring-loaded Kynar 

NALQUILL NALQUILL NALQUILL 
Inlet 1/2" FNPT 1/2" MNPT 3/S"MNPT 
Pipe fitting 1/2"MNPT 1/2"MNPT . l"MNPT 

Materials of Construction: 
Hex nut/ Ball 
body check Stinger 

231-P4610.88 30455 30455 30455 
231-P4611.88 Alloy2055 Ceramic Hastelloy-C 
231-P4612.88 30455 30455 30455 
231-P4613.88 Alloy 2055 Ceramic Hastelloy-C 
231-P4614.88 31655 None Kynar 

w/31655 
shroud 

231-P4615.88 31655 31655 31655 
231-P4636.88 31655 31655 31655 
231-P4637.88 31655 31655 31655 
231-P4639.88 31655 31655 31655 

The hex nut or body is stamped and notched to 
indicate material of construction and orientation of 
stinger after insertion. 

Maximum pressure: 3000 psi for metal 
150 psi for Kynar 

Maximum Temperature: 500°F (260°C) for metal 
200°F (93°C) for Kynar 

Installation 
Although the standard length NALQUILL Injector is 
sized for a six-inch pipe, it can be bushed out or cut to 
fit smaller pipes. See Figure 5. Install it so the tip 
extends approximately to the center of the pipe. 

Align the NALQUILL so the oval opening of the tip 
faces downstream. See Figure 6. When manufactured, 
the material of construction is stamped on the flat side 
of the hex nut that corresponds with the long side of 
the quilL This convention should be maintained if 
possible whenever the quill is reinstalled. 

For dispersing a chemical into a vapor phase stream, 
a slot should be cut on the long side of the tip. See 
Figure 7. This will allow the vapor to force the 
chemical through the slot. converting it into a fine 
mist. In this application, the orientation of the quill 
must be 180° from that shown in Figure 6. 

~r------1 

"-Reference nark 10 indicaiB 
downstream Side of quUI 

Figure 4 - NALQUILL w#h no-dnp shield dimensions 
(231-?4615.88) 

Figure 5 - NALQU/LL lnjeclor installation 

Figure 8 illustrates acceptable mounting orientations 
for vertical and horizontal flow applications. Use only 
the bottom 120° of the pipe cross section so the unit 
injects upward into the flow if possible. For vertical 
pipe applications, make sure the unit is angled 
upwards. Installation on pipes with downard flow is 
not recommended. 

A check valve is recommended to be installed with 
NALQUILL injector 231-P4614.88 to prevent 
backflow. Care should be taken whenever breaking 
connections. Appropriate personal protective equip
ment (e.g., goggles, gloves) should be worn when 
checking or disconnecting injector connections. 
Release chemical line pressure using a manual 
pressure relief valve on the pump discharge. 

• 
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Figure 6- Proper quill alignment Figure 7 - Cut lip for atomizing chemical into vapor phase 
stream 

Vertical Horizontal 

Figure 8- Properqwll olientalion 
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Product Bulletin: 8357 

NNALCO 
Product Bulletin 

NALCO® 8357 
Dispersant 

PRODUCT DESCRIPTION AND APPLICATION 

NALCO 8357 is an organic polymer designed to provide scale, deposit and fouling control in 
once-through and recirculating 

Page 1 

cooling water systems. It is particularly effective in inhibiting calcium carbonate scale and for dispersing 
suspended solids such 
as mud, silt and iron oxides. 

PHYSICAL & CHEMICAL PROPERTIES 

These properties are typical. Refer to SECTION 9 of the Material Safety Data Sheet (MSDS) for the most 
current data. 

Appearance Clear to light yellow 
Physical State Liquid 
Odor Organic 
Density 1 0.2 lb/gal [1.22 kg/1] 

1.21 -1.23 

pH (neat) 3.6-4.0 
51 cp 

Freeze Point 

Flash Point (PMCC) None 
Freeze-Thaw Recovery Complete 
Solubility in Water Complete 
Volatile Organic Carbon (VOC) 0.3 lb/gal [0.36 kg/1] 

ACTIVE CONSTITUENTS 

Function Component 
Anionic Polymer General Dispersant and CaC03 Stabilization 

REGULATORY APPROVALS 

NALCO 8357 is intended for industrial use only. It must not be fed to potable water systems. 

This product has been certified as KOSHER/PAREVE for year round use, 
including the Passover season, by the Chicago Rabbinical Council. 

Refer to the Material Safety Data Sheet (MSDS), SECTION 15 for the most 

• 

• 

• 
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• recent information on approvals. 

• 

• 

MATERIALS OF COMPATIBILITY 

Compatible 
Buna-N 
Polyurethane a-rings 
Polyethylene 
Polypropylene 
CPVC 
PORTA-FEED liner (RCC*9036) 
RCC*635) 
Plasite 4300 liner (vinyl ester resin) 
Blue plastic drum (HOPE, RCC*625) 

DOSAGE AND FEEDING 

Not Compatible 
304 Stainless Steel (RCC*9014) 
Brass 
Neoprene a-rings 
Viton a-rings 
Hypalon a-rings 
Coated steel drum (phenolic, 

Plasite 71221iner (epoxy phenolic) 
EPDM a-rings 

For complete dosage and feeding recommendations, consult your Nalco sales engineer. 

NALCO 8357 should be fed via a closed feed system. A closed feed system is defined as a 
system in which fluid is moved from a closed storage vessel into a treated media without 
exposure to the atmosphere except through normal venting or pressure relief devices. 

ENVIRONMENTAL AND TOXICITY DATA 

Biological Oxygen Demand (5-day BOD5) 

Chemical Oxygen Demand (COD) 
Total Organic Carbon (TOC) 

1,185 ppm 
340,000 ppm 

Not Available 

Refer to SECTIONS 11 and 12 of the product's Material Safety Data Sheet (MSDS) for all 
mammalian and aquatic toxicity information. 

SAFETY AND HANDLING 

Before using this product, please refer to SECTION 8 of the Material Safety Data Sheet (MSDS) for 
proper personal 
protective equipment (PPE) and SECTION 3 for health effects. 

NALCO 8357 is an acidic product and can cause eye and skin irritation. Chemical resistant 
gloves and safety goggles should 
be worn when handling NALCO 8357. Avoid breathing the solution spray. Do not take 
internally. 

STORAGE 

NALCO 8357 should be stored in a location where the product temperature can be kept in a range 
between 20°F [-7°C) and 
120°F [49°C). In cold climates, heat tracing and insulation of exposed containers and transfer lines may 
be necessary since the 
product becomes very thick when the ambient temperature reaches 40°F [4°C). 

Recommended in-plant storage limit is one year. Refer to the Material Safety Data Sheet (MSDS), 
SECTION 7, for the most 
current data. 
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REMARKS 

If you need assistance or more information on this product, please call your nearest Nalco 
Representative. For more news about Nalco Company, visit our website at www.nalco.com. 

For Medical and Transportation Emergencies involving Nalco products, please see the Material 
Safety Data Sheet for the phone number. 

ADDITIONAL INFORMATION 

PORTA-FEED, NALCO, the Tagline and Logo are trademarks of Nalco Company (11-20-2007) 

Nalco Company, 1601 West Diehl Road, Naperville, Illinois 60563-1198 

Subsidiaries and Affiliates rn Principal Locations Around the World 
©2004 Nalco Company All Rights Reserved 

Page 3 
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SP4'' 
4-lnch Stainless Steel 
Submersible Pumps 

@ Installation and operating instructions 

WATER QUAUTY 
DRINKING WATER 

SYSTEM COMPONENTS 
AIUI/NSf61 

6SGM 
3o•cts6·F 

PUMP END ONLY 

Please leave these instructions with the pump for future reference. 

BE )THINK) INNOVATE) GRUNDFOS' i#' 



SAFETY WARNING 

WARNING: Reduced risk of electric shock during operation of this pump requires the 
provtston of acceptable grounding. If the means of connection to the supply connected 
box is other than grounded metal conduit, ground the pump back to the service by 
connecting a copper conductor (at least the size of the circuit supplytng the pump) to the 
grounding screw provided wtthin the wiring compartment. 

NOTICE: This product is designes for pumping water only. Third party agency 
evalustions are based on pumping water only. 

Pre-Installation Checklist 

1. Well Preparation 
If the pump is to be installed in a new well then the well should be fully developed and bailed 
or blown free of cuttings and sand. The stainless steel construction of the GRUNDFOS 
submersibles make it resistant to abrasion; however, no pump made of any material can 
forever withstand the destructive wear that occurs when constantly pumping sandy water. 

If this pump is used to replace an oil-filled submersible or oil-lubricated line-shaft turbine in 
an existing well, the well must be blown or bailed clear of oil. 

2. Make Sure You Have The Right Pump 
Determine the maximum depth of the well, and the draw-down 
level at the pump's maximum capacity. Pump selection and 
setting depth should be based on this data. 

3. Pumped Fluid Requirements 
CAUTION: Submersible well pumps are designed for pumping 
clear, cold water; free of air or gases. Decreased pump 
performance and life expectancy can occur if the water is not 
cold, clear or contains air or gasses. Water temperature should 
not exceed 1 02°F. 

A check should be made to ensure that the installation depth of 
the pump will always be at least three feet below the maximum 
drawdown level of the well. The bottom of the motor should 
never be installed lower than the top of the screen or withtn five 
feet of the well bottom. 

Ensure that the requirement for minimum flow past the motor IS 

met, as shown in the table below: 

Minimum Water Flow Requirements lor 
Submersible Pump Motors 

c~~·:.·:· 
·:: ... ·: ,. '· 

~·· ".'· . ··:_ ,•. 
•\. ··:> ·> ·. 

-<~~~:-

J .. ~~ 
:"-:: ,: -~ ,·._._: 
·-·· •'·.····-· 

; ] 
' J •--Palljl 

~--Motor 

1.0, 

MINIMUM CASING OR SLEEVE 
DIAMETER I.D. IN INCHES 

4-lnch 4 

5 

MIN. GPM FLOW 
PASSING TME MOTOR 

1.2 
7 

NOTES: For proper motor cooling, a flow inducer 
or sleeve must be used 11 the water enters the 
well above the motor or ilthere IS msuffic1ent 
water flow pastlhe motor. The m1mmum water 
velocity past 4" motors IS 025 teet per second 

6 13 
7 21 
8 30 
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PRE-INSTALLATION CHECKLIST 

4. Splicing the Motor Cable 
If the splice IS carefully made, it Will be as efficient as any other portion of the cable, and 
will be completely watertight. There are a number of cable splicing kits available today -
epoxy filled, rubber-sealed and so on. Many perform well if the manufacturer's directions 
are followed carefully. If one of these kits is not used, we recommend the following 
method for splicing the motor cable. 

Examine the motor cable and drop cable carefully for damage. Cut the motor leads 
off in a staggered manner. Cut the ends of the drop cable so that the ends match up 
with the motor leads. Be sure to match the colors. Strip back and trim off one-half inch 
of Insulation from each lead, making sure to scrape the wire bare to obtain a good 
connection. Be careful not to damage the copper conductor when stripping off the 
insulation. Insert a properly sized Sta-kon-type connector on each pair of leads, aga1n 
making sure that colors are matched. Using Sta-kon crimping pliers, indent the lugs. Be 
sure to squeeze down hard on the pliers, particularly when using large cable. Form a 
piece of electrical insulation putty tightly around each Sta-Kon. The putty should overlap 
on the insulation of the wire. Use a good quality tape such as #33 Scotch Waterproof 
or Plymouth Rubber Company Slipknot Grey. Wrap each wire and joint tightly for a 
distance of about 2-1/2 inches on each side of the joint. Make a minimum of four passes 
over each joint and overlap each pass approximately one inch to assure a completely 
watertight seal. 

INSTALLATION PROCEDURES 

1. Attach the Pump to the Motor 
When attaching the pump to the motor we recommend the pump be bolted down in a 
cross pattern around the four bolts. Starting from the back (opposite the cable opening) 
and us1ng a cross pattern, tighten the motor bolts to 13.5 ft-lbs, using progressive 
tightening until torque is met. (See figure 1 for example). 

cable opening 2 

Figure 1 1 
3 

2 
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INSTALLATION PROCEDURES 

2. Attach the Pump to the Pipe 
A back-up wrench should be used when riser pipe is attached to the pump. The pump 
should only be gripped by the flats on the top of the discharge chamber. Under no 
circumstances gnp the body of the pump, cable guard or motor. When tightened down, 
the threaded end of the first section of the riser pipe or the nipple must not come in 
contact with the check valve retainer in the discharge chamber of the pump. Alter the 
first section of the riser pipe has been attached to the pump, the lilting cable or elevator 
should be clamped to the pipe. Do not clamp the pump. When raising the pump and 
riser section, be careful not to place bending stress on the pump by picking it up by 
the pump-end only. It is recommended that plastic-type riser pipe be used only with the 
smaller domestic submersibles. The manufacturer or representative should be contacted 
to ensure the pipe type and physical characteristics are su1table for this use. Use the 
correct joint compound recommended by the specific pipe manufacturer. Besides making 
sure that points are fastened, we recommend the use of a torque arrestor when using 
plastic pipe. 

3. Lower the Pump Into the Well 
Make sure the electrical cables are not cut or damaged in any way when the pump is 
being lowered in the well. Do not use the power cables to support the we1ght of the pump. 

To protect against surface water entering the well and contaminating the water source, 
the well should be finished off above grade utilizing a locally approved well seal or 
pitless adaptor unit. We recommend that steel riser pipes always be used with the larger 
submersibles. A pipe thread compound should be used on all joints. Make sure that the 
joints are adequately tightened in order to resist the tendency of the motor to loosen the 
joints when stopping and starting. 

The drop cable should be secured to the riser pipe at approximately every 10ft/3m to 
prevent sagging, looping and possible cable damage. Nylon cable clips or waterproof tape 
may be used. The cable splice should be protected by securing it with clips or tape just 
above each joint. 

Figure2 Figure3 

IMPORTANT: Plastic pipe tends to stretch 
under toad. This stretching must be taken 
into account when securing the cable to the 
riser pipe. Leave three to four inches of slack 
between clips or taped points. This tendency 
for plastic pipe to stretch will also affect the 
calculation of the pump setting depth. As a 
general rule, you can estimate that plastic 
pipe will stretch to approximately 2% of its 
length. When plastic riser pipe is used, it IS 

recommended that a safety cable be attached 
to the pump to lower and raise it. The 
discharge chamber of GRUNDFOS 4-inch 
submersibles is designed to accommodate 
this cable. (See Figures 2 & 3.) 

Check Valves: A check valve should always be installed at the surface of the well and one 
at a maximum of 25 feet above static water level. In addition, for installations deeper than 
200 feet, check valves should be installed at no more than 200 foot intervals. 

• 
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INSTALLATION PROCEDURES 

4. Electrical Connections 

WARNING: Reduced risk of electric shock during operation of this pump requires 
the provision of acceptable grounding. If the means of connection to the supply 
connected box is other than grounded metal conduit, ground the pump back to the 
service by connecting a copper conductor (at least the size of the circuit supplying 
the pump) to the grounding screw provided within the wiring compartment. 

Verification of the electrical supply should be made to ensure the voltage, phase and 
frequency match that of the motor. Motor electrical data can be found on page 6. If 
voltage variations are larger than ± 10%, do not operate the pump. Single-phase motor 
control boxes should be connected as shown on the wiring diagram mounted on the 
ins1de cover of the control box supplied with the motor. The type of wire used between 
the pump control boxes should be approved for submersible pump application. The 
conductor insulation should be type RW, RUW, TW or equivalent. 

A high-voltage surge arrestor should be used to protect the motor against lightning and 
switching surges. Lightning voltage surges in power lines are caused when lightning 
strikes somewhere in the area. Switching surges are caused by the opening and closing 
of switches on the main high-voltage distribution power lines. 

The correct voltage-rated surge arrestor should be installed on the supply (line) side 
of the control box or starter (See Figure 4a & 4b). The arrestor must be grounded in 
accordance with the National Electric Code and local governing regulations. 

PUMPS SHOULD NEVER BE STARTED UNLESS THE PUMP IS TOTALLY 
SUBMERGED. SEVERE DAMAGE MAY BE CAUSED TO THE PUMP AND MOTOR IF 
THEY ARE RUN DRY. 
The control box shall be permanently grounded in accordance with the National 
Electnc Code and local govern1ng codes or regulations. The ground wire should be a 
bare stranded copper conductor at least the same size as the drop cable w1re size. 
Ground wire should be as short a distance as possible and securely fastened to a true 
grounding point. True grounding points are considered to be: a grounding rod driven into 
the water strata; steel well casing submerged into the water lower than the pump setting 
level; and steel discharge p1pes Without insulating couplings. If plastic discharge pipe and 
well casing are used, a properly sized bare copper wire should be connected to a stud 
on the motor and run to the control panel. Do not ground to a gas supply line. Connect 
the ground1ng wire to the ground point first, then to the terminal in the control box. 

Single Phase Hookup 

Single Phase 
Power Supply 

L1 

Figure 4a 

True 
':"' Groundrng 

Poml 

Three Phase Hookup 

Three-phase power supply 

qJTl q'>T2 ~T3 

ToSP Mcm:l' 

Figure4b 

Tn.o 
Gm.n:l -
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INSTALLATION PROCEDURES 

Single-Phase 2-Wire Wiring Diagram 
for Submersible Motors 

10 2- W1re Pump 
with Ground 

Pressure 
Sw1tch 

Owck 01sconnect 

Three-Phase Wiring Diagram 
for Submersible Motors 

Single-Phase 3-Wire Control Box 
for Submersible Motors 

Control 
Box 

4. Starting the Pump for the First Time 
A. Attach a temporary horizontal length of pipe to the riser pipe. 
B. Install a gate valve and another short length of pipe to the temporary pipe. 
C. Adjust the gate valve one-third of the way open. 
D. Verify that the electncal connections are in accordance with the wiring diagram. 
E. After proper rotation has been checked, start the pump and let it operate until the 

water runs clear of sand, silt and other impurities. 
F. Slowly open the valve in small increments as the water clears until the valve is all 

the way open. The pump should not be stopped until the water runs clear. 
G. If the water is clean and clear when the pump is first started, the valve should still 

be opened until it is all the way open. 

• 
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MOTOR INFORMATION 

Grundfos motors specifications 

1- Phase motors 

HP Ph Volt 
Serv1ce Amperage Fullload 

factor --:s:-;:F,----:S::ctac::n:--::E::;H-,(:::%-:-J -::p,-.,--:-,.-,-et=-. 

4-mch, single phase, 2-wue motors (control box not required) 

1/3 1 230 1 75 4 6 25 7 59 n 
76 

76 

75 

82 

85 

112 115 1 60 12 0 55 62 

112 230 160 60 345 62 

3/4 

11/2 

230 

230 
230 

1 50 
1 40 

1 30 

4-mch, smgle phase, 3-wtre motors 

84 

98 
13 1 

1/3 1 115 1 75 9 0 
1/3 230 175 46 

112 
1/2 
3/4 

1 

1 5 

2 

115 

230 

230 
230 

230 
230 

230 
230 

3-Phase motors 

1 60 

1 60 
1 50 

1 40 
130 

125 
115 

115 

12 0 

60 
84 

96 
116 

13 2 

17 0 

27 5 

405 
46 4 

62 

29 
14 

42 5 

21 5 
31 4 

37 
45 9 

57 

77 

110 

Serv1ce Amperage 

62 
63 

64 

59 

59 
61 

62 

62 
63 

69 
72 

74 

n 

n 
77 

76 

76 
75 

82 

89 
86 

93 

92 

Full load 
HP Ph Voh 

factor --:S:c:F:----:Sc-ta-rt.:---::E:::II,-. ("'%"")--::P:-.,----:-fa-c,-t • 

4-tnch, three phase, 3-wue motors 

1112 

7 1/2 

10 

230 1 30 7 3 40 3 

460 

575 

1 30 

1 30 

3 7 201 
2 9 161 

230 1 25 8 7 48 

460 1 25 44 24 

575 1 25 3 5 192 
230 115 12 2 56 

460 1 15 6 1 

575 1.15 48 

2081230 1 15 16 6/17 4 

440/460 1 15 8 6518 65 

575 115 79 

2081230 1 15 27 0125 0 

440/460 1 15 12 B/12 6 

575 1.15 106 

440/460 115 180/186 

575 115 14 4 

28 

22 
108 

54 

54 
130 

67 

53 

90 

72 

-AU Grundfos 4" motors have a ground (green w~re) 

75 72 

75 72 
75 72 

76 75 

76 75 

76 75 
n 75 

n 
n 
80 

80 

80 
81 

81 

81 

81 

81 

75 

75 

82 

82 

82 

82 

82 

82 

80 

80 

Max Lme-to-Lme 

'r,~sf -a=l::-kre..,_;:-~:-~"'-"-c-:~:-'~-:d'-:~v=-.:-1 -

900 
900 

900 

900 
900 

900 

6 6-82 
11-1 3 

5 2-6 3 

3 2-3 8 

2 5-31 
1 9-2 3 

900 1 55-1 9 2 4-3 

900 6 8-8 3 17 3-211 
900 0 9-11 1 9-2 35 

900 47-57 158-196 
900 32·39 14-172 

900 28-31 103-125 
900 19-23 78-96 

1500 15-18 34-41 

1500 12-14 245-3 

1500 065-085 21-26 

Max. L1ne-to-L1ne 
thrust resrstance ( ) 
(lbs} -,B=:I::-k-7Y:-ei:----::R:-'e-:d'=--Y:-e:-l -

900 
900 

900 

900 

900 

900 
900 

900 

900 
1500 

1500 

1500 
1500 

1500 

1500 

1500 

1500 

39 
15 9 

252 

30 

121 
18 8 

22 

90 
130 

1 2 

50 

73 
084 

3 24 

52 

116 

184 

KVA 
code 

s 
R 

R 

N 

M 

M 

K 

H 

G 

KVA 
code 

K 

K 

K 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Nameplate 
no 

79952101 

79922102 

79952102 

79952103 

79952104 

79952105 

79423101 

79453101 
79423102 

79453102 

79453103 
79453104 

79453105 
79454506 

79454507 
79454509 

Nameplate 

79302005 

79362005 
79392005 

79302006 

79362006 

79392006 
79302006 
79362007 

79395507 

79304509 

79354509 
79394509 

79305511 

79355511 

79395511 

79355512 

79395512 

GRUNDFOS Control Box SA-SPMS 
RATING GRUNDFOS GRUNDFOS GRUNDFOS GRUNDFOS 

MOTOR MODEL CONTROL BOX STANDARD ll's RUN CAP/DELUXE It's 

HP VOLT 
1/3 115 MS402B SA-SPM5 91126150 -
1/3 230 MS402B SA-SPM5 91126151 -
1/2 115 MS4028 SA-SPM5 91126152 -
1/2 230 MS4028 SA-SPM5 91126153 -
3/4 230 MS4028 SA-SPM5 91126154 -
1 230 MS4028 SA-SPM5 91126155 91126211 

1.5 230 MS4028 SA-SPMS 91126212 91126213 
2 230 MS4000 SA-SPMS 91126214 91126215 
3 230 MS4000 SA-SPMS 91126216 91126217 
5 230 MS4000 SA-SPM5 91126218 91126219 

6 
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MOTOR INFORMATION 

The key to long submersible motor life is good cooling. Most submersible pumps rely 
on moving heat away from the motor by forced convection. The ambienVproduced 
fluid is typically drawn by the motor in the course of pumping to accomplish this task. 
Submersible motors used in the water supply industry are typically designed to operate 
at full load in water up to 30°C (86°F), provided the flow velocity can be maintained at a 
minimum of 0.5 feet per second (fps). 

Required Cooling Flow and Velocity 
AWWA specifications state the maximum motor diameter and the minimum inside 
diameter of the well shall be in such relationship that under any operating condition the 
water velocity past the motor shall not exceed 12 fps (3.7 m/s) nor be less than 0.5 fps 
(0.15 m/s). The AWWA specification are principally applicable to motors 6-inch and larger, 
as most 4-inch motor designs are based on a minimum cooling flow velocity of 0.25 fps 
(0.08 m/s) at rated ambient temperature. Table 8 relates flow, casing and motor size 
requirements to accomplish minimum cooling velocity. 

Table 8: Minimum Submersible Cooling Flow Requirements 

Casi ng/Sieeve 4" Motor 6" Motor 
I.D. (inches) (0.25 fps) (0.5 fps) 

(gpm) 

4 1.2 -

5 7.0 -

6 13 9 
7 20 25 
8 30 45 
10 50 90 
12 80 140 
14 110 200 
16 150 280 
18 - 380 

Notes: 1. Minor irregularities associated with motor shape and diameter variat1ons 
between manufactures are not accounted for in the table. 

2. At the velocity specified 1n the table the temperature differential between 
the motor surface and ambient water will range from so - 15°C ( 1 0-30°F). 

Some submersible motor manufactures require no cooling fluid flow past the motor, 
when the produced fluid temperature is 20°C (68°F) or less. Cooling by free convection 
in such cases, is only permitted in the vertical position and is contingent on no adverse 
operating conditions present such as; poor power, high stop/start frequency, presence 
of incrustating deposits on the motor surface, etc. Detramental operating conditions are 
difficult to identify or predict, and for this reason, the minimum cooling flow should be 
prov1ded whenever possible - regardless of the ambient fluid temperature. 

• 
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MOTOR INFORMATION 

Typical Motor Jacket/Shroud Configurations. 

The motor shroud is generally of the next nominal diameter of standard pipe larger than 
the motor or the pump, depend1ng on the shroud configuration used. The tubular/pipe 
material can be plastic or thin walled steel (corrosion resistant materials preferred). The 
cap/top must accommodate power cable without damage and provide a snug fit, so that 
only a very small amount of fluid can be pulled through the top of the shroud. The fit 
should not be completely water tight as ventilation is often required to allow escape of the 
air or gas that might accumulate. The shroud body should be stabilized to prevent rotation 
and maintain the motor centered within the shroud. The shroud length should extend to a 
length of 1-2 times the shroud diameter beyond the bottom of the motor when possible. 
Shrouds are typ1cally attached immediately above the pump intake or at the pump/column 
correction. 

A typical motor sleeve/shroud select1on example is sited below and illustrated in Figure 8: 

If a well feeds water from above the pump, has a cas1ng/chamber too small to allow a 
motor jackeVsleeve on the pump, and does not have adequate level and flow to allow 
raising the pump above the inflow, it is difficult to properly cool the motor. When possible, 
the casing depth should be increased to allow flow to come from below the motor. If this is 
not practical, adequate flow past the motor can usually be attained by employing a motor 
jacket with a stnnger pipe or by using a jet tube . 

Figure 8: Typical Motor Jacket Installation Scenarios 

Typical Flow Inducer Sleeve Cutaway View 

Pump",... 

Top of Sleeve • 
Closed and __... 
Clamped or 
Bolted to Pump 
Above Intake 

Flow Inducer 
Sleeve -

Spacers at 3 or 
4 Points Around All Water Flows 
the Inside of Past Motor 
the Sleeve are 
Recommended to Hold 
Motor Centered and Avoid 
Loosening Top During Installation 

-casing 

l 
- FlUid Entry 

Jacket 
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MOTOR INFORMATION 

Single-Phase 60 Hz 
MOTOR RATING COPPER WIRE SIZE (AWG) 

VOLTS 11P 14 12 10 8 6 4 2 0 

1 115 1/3 130 210 340 540 840 1300 1960 2910 
1/2 100 160 250 390 620 960 1460 2160 

230 1/3 550 880 1390 2190 3400 5250 7960 
1/2 400 650 1020 1610 2510 3880 5880 
314 300 480 760 1200 1870 2890 4370 6470 
1 250 400 630 990 1540 2380 3610 5360 

1-1/2 190 310 480 770 1200 1870 2850 4280 
2 150 250 390 620 970 1530 2360 3620 
3 120 190 300 470 750 1190 1850 2890 
5 180 280 450 710 1110 1740 2170 

Three-Phase 60 Hz 
MOTOR RATIN COPPER WIRE SIZE (AWGl 

VOLTS 11P 14 12 10 8 6 4 2 

208 1-1/2 310 500 790 1260 

2 240 390 610 970 1520 
3 180 290 470 740 1160 1810 

5170 280 4690 1080 1660 

230 1-1/2 360 580 920 1450 
2 280 450 700 1110 1740 

3 210 340 540 860 1340 2080 

5 200 320 510 800 1240 1900 

460 1-1/2 1700 
2 1300 2070 

3 1000 1600 2520 

5 590 950 1500 2360 

575 1-1/2 2620 

2 2030 

3 1580 2530 
5 920 1480 2330 

FOOTNOTES: 

1 If alum1num conductor is used, mult•ply lengths by 0.5 Maximum allowable length of alum•num is 
considerably shorter than copper wife of same size. 

00 

6520 
5240 
4480 
3610 

2. The portion ol the total cable wh•ch 1s between the serv1ce entrance and a 30 motor starter should not 
exceed 25% of the total max•mum length to ensure rehable starter operation. S1ngle-phase control boxes 
may be connected at any po1nt of the total cable length. 

3 Cables 1114 to #0000 are AWG s•zes, and 250 to 300 are MCM sizes 

• 
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TROUBLESHOOTING 

How to Measure 

By means of a voltmeter, which 
has been set to the proper scale, 
measure the voltage at the control 
box or starter On Single-phase umts, 
measure between hne and neutral 

How to Measure 

By use of an ammeter, set on the 
proper scale, measure the current on 
each power lead at the control box 
See page 6, for motor amp draw 
informat1on 

Current should be measured when 
the pump is operat1ng at a constant 
discharge pressure w1th the motor 
fully loaded 

How to Measure 

Turn off power and d1sconnect the 
drop cable leads 1n the control box 
Us1ng an ohmmeter, set the scale 
selectors to Rx1 for values under 
10 ohms and Rx10 for values over 
10 ohms 

Zero-adJUSt the meter and measure 
the res1stance between leads 
Record the values Motor res1stance 
values can be found on page 6 

How to Measure 

Turn off power and disconnect the 
drop cable leads 1n the control box. 
Us1ng an ohm or mega ohmmeter, 
set the scale selector to Rx 1 OOK 
and zero-adjust the meter Measure 
the res1stance between the lead 
and ground (discharge p1pe or well 
cas1ng, 1f steel) 

What It Means 

When the motor IS under load, the 
voltage should be w1th1n :t 1 0% of the 
nameplate voltage Larger voltage 
vanat1on may cause w1nd1ng damage. 
Large vanat1ons 1n the voltage 1nd1cate 
a poor electncal supply and the pump 
should not be operated unt1l these 
variations have been corrected 

If the voltage constantly remains h1gh or 
low, the motor should be changed to the 
correct supply voltage 

What It Means 

If the amp draw exceeds the listed 
service factor amps (SFA), check for the 
following 

1 Loose terminals in control box or 
poss1ble cable defect Check wind1ng 
and Insulation resistances 

2 Too h1gh or low supply voltage 

3 Motor w1ndings are shorted 

4 Pump IS damaged caus1ng a motor 
overload. 

What It Means 

If all the ohm values are normal, and 
the cable colors correct, the w1nd1ngs 
are not damaged If any one ohm value 
IS less than normal, the motor may be 
shorted If any one ohm value is greater 
than normal, there IS a poor cable 
connect1on or JOint The w1nd1ngs or 
cable may also be open. 

If some of the ohm values are greater 
than normal and some less, the drop 
cable leads are mixed To verily lead 
colors, see resistance values on page 6. 

What It Means 

For ohm values. refer to table below. 
Motors of all Hp, voltage, phase and 
cycle duties have the same value of 
1nsulat1on res1stance 

OHM VALUE MEGAOHM VALUE CONDmON OF MOTOR AND LEADS 

Motor not yet Installed: 
2,000,000 (or more) 20 New Motor 
1,000,000 (or more) 1.0 Used motor wh1ch can be re1nslalled 1n the well 

Motor In well (Ohm read1ngs are for drop cable plus motor) 
500,000 - 1,000,000 0.5-1.0 A motor 1n reasonably good condition. 

20,000 • 500,000 0.02. 0.5 A motor which may have been damaged by hghtmng or With damaged 
leads. Do not pull the pump for this reason 

10,000 . 20,000 0 01.0.02 A motor which definitely has been damaged or With damaged cable 
The pump should be pulled and repa1rs made to the cable or the motor 
replaced The motor w111 still operate, but probably not for long 

less than 10,000 0. 0.01 A motor which has failed or with completely destroyed cable insulation. 
The pump must be pulled and the cable repaired or the motor replaced 
The motor will not run 1n this condition . 
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TROUBLESHOOTING 

Pump Won't Start 
POSSIBLE CAUSE CHECK THIS BY ... CORRECT THIS BY .•. 

No power at the motor Checl< for voltage at the control box or panel. If there is no voltage at the control panel. 
check the feeder panel for tnpped circuits and 
reset those CirCuits. 

Fuses ane blown or the Tum off the power and remove the fuses. Replace the blown fuses or reset the c~rcwt 
circuli bneakers have Check for conbnwty w1th an ohmmeter. breaker If the new fuses blow or the c1rcu1t 
tripped breaker trips. the electncal 1nstallat1on, motor. 

and w~res must be check for defects. 

(3-phsse motors only) Check for voltage on the line and load Side Replace an(c burned heaters or reset Inspect 
Motor starter overloads of the starter Checl< the amp draw and the starter or other damage. If the heater tnps 
ane burned or have tripped make sure the heater IS sized correctly. aga1n, check the supply voltage. Ensure that 

heaters are s1zed correctly and the tnp se1t1ng 
IS appropnately ad1usted. 

(3-phsse motors only) Energ1ze the control CirCUli and check for If there IS no voltage. check the control c~rcu11 
Starter does not energize voltage at the holding coil. fuses. If there 1s voltage. check the hold1ng co1l 

for weak connections Ensure that the hold1ng 
COlliS des1gned to operate with the ava1lable 
control voltage. Replace the co1l if defects are 
found 

Defective controls Checl< all safety and pressure switches for Replace worn or defective parts or controls. 
defects. lnspeci the contacts 1n control deviceS. 

Motor or cable Is defective Tum off the power and d1sconnect the motor If an open or grounded w1nd1nH IS found, 
leads lrom the control box. Measure the lead- remove the motor from the we I and recheck 
to-lead res1stance w1th an ohmmeter (set to R the measurements with the lead separated 
x 1 ). Measure the lead-to-ground values with from the motor. Repa~r or replace the motor 
an ohmmeter fset to R x 1 OOK). or cable. 

(1-phsse motors only) Turn off the power and discharge the capaCitor When the meter IS connected to the capacitOr, 
Detective capacitor by short1ng the leads together. Check it w1th the needle should 1ump toward 0 (zero) ohms 

an analog ohmmeter (set to R x 100k). and slowly drift back to 1nflnrty (1\J. Replace 
caOBCitOr If rt IS defact1ve. 

Detective pnessune switch Watch the pressure gauges as the pressure Replace as necessary. 
or the tubing to Ills sw1tch operates. Remove the tub1ng and blow 
aluaaed throuah 11. 

The pump Is mechanically Turn off the power and manually rotate the If the pump shah doesn't rotate. remove the 
bound or stuck pump shah. Also check the motor shah rota- pump and exam1ne rt. If necessary. d1smantle • bon, the shaft he1ght, and the motor's amp rt and check the Impellers and seal for 

draw (to see H rt ind1catas a locked rotor). obstructiOn. Check for motor corroSIOn. 

Pump Does Not Produce Enough Flow (GPM) 
POSSIBLE CAUSE CHECK THIS BY ... CORRECT THIS BY ... 

{3-phsse motors only) Check to make sure the electncal Correct the Wiring For s1ngle phase motors, 
Shalt Is turning In the connect1ons 1n the control panel are check the winng d1agram on the motor. For three 
wrong dlnecllon correct. r,hase motors, Simply sw1tch any two power 

eads 
Pump Is operating at the Check for low voltage and phase Replace defective parts or contact power 
wrong speed (too slow) imbalance. company, as applicable 

~~~e~~:c:!.~t~~ (or 
Remove the check valve. Re-inslall or replace 

Parts or linings In the Install a pressure gauge near the Convert the PSI you read on the gauge to Feet 
pump are worn discharge port, start the pump, and of Head by· 

-or- ~adually close the discharge valve PSI x 2.31 It/PSI = --- ft. 
Impellers or Inlet Strainer 

ead the pressure at shutoff (Do 
Specific Gravity not allow the pump to operate for 

Is clogged an extended penod at shutoff.) Add to thiS number the number of feet 
(vert1cally) from the gauge down to the water's 
pump1ng level 
Reier to the pump curve for the model you are 
working with lo deterrmne the shutoff head you 
should expect for that model If that head IS 
close to the figure you came up w1th (above), 
the pump is probably OK. If not, remove the 
pump and inspect impellers, chambers, etc. 

The water level In the well Check the drawdown 1n the well If the pump1'l' water level (including drawdown) 
may be too low to supply while the pump IS operating. IS not AT LE ST 3 FEET above the pump's inlet 
the !low deslned stramer, e1ther: 
-or- 1. Lower the pump further down the well. 

2. Thronle back the d1scharge valve to decrease 
Collapsed well the llow, thereby reuding ·drawdown. 

Broken shalt or coupling Pull oumo and inspect Reolace as necessary. 

Thane are leaks In the Pull the pump out of the well. The suct1on ~1pe, valves, and finings must be 
linings or piping made light epair any leaks and ret1ghten all 

loose 11n1ngs 

11 • 
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TROUBLESHOOTING 

Fuses Blow or Heaters Trip 
POSSIBLE CAUSE CHECK THIS BY ... CORRECT THIS BY .. 

Improper voltage Checl< the voltage at the control box or ~\the voltage vanes by more than 10% (+or 
oanel contact the cower comoanv 

If the Incoming voltage is OK, checl< the Rewire with correct gauge Understzed 
wtre stze and the dtstance between the wtre and a great dtstance between the 
pump motor and the pump control panel. control panel and the pump motor increases 

res1stance and decreases the voltage by the 
time 11 reaches the oump motor 

The starter overloads are Cycle the pump and measure the Increase the heater SIZe or adtust the 
set too low amperage tnp senmg Do not, however, exceed the 

recommended ratma. 

(3-phase motors only) Checl< the current draw on each lead to The current draw on each lead must be 
The three-phase current Is lhe motor w1th1n 5% of each other(+ or·). If they are 
Imbalanced not checl< the wml"lg, 

The wiring or connections Check to make sure the w1nng IS correct Tighten any loose terminals and replace any 
are faultv" and there are no loose termmals. damaoed w1re 

(1-phase motors only) Turn off the power and discharge lhe When the meter is connected to the 
Capacitor Is defective · capacitor Check the capacitor w1th an capac11or, the needle should tump toward 

ohmmeter (set at R x 100k). See page 15 0 (zero) ohms and then slowly dnft bad< to 
lor mstructtons inflnlfV (¥). Replace capacitOr 1111 IS defechve 

Fuse, heater, or starter are Check the fuses and heaters a9a1nst the Replace as necessary. 
the wrona size motor manufacturer's specification charts. 

The control box location Touch the box w1th your bare hand dunng Shade, ventilate, or move the control box so 
Is too hot the honest part of the day - you should be 1ts envtronment does not exceed 120°F 

able to keeo vour hand on 11 Without bumma. 

(1-phase motors only) 
Wrona control box 

Check requirements for the motor agamst 
the control box SPJ!Cihcations 

Replace as necessary 

Defective pressure switch Watch gauges as pressure swttch Replace as necessary 
operates. 

• The motor Is shorted or Turn off the power and d1sconnect the If you fmd an open or grounded w1nd1n~, 
grounded. w1ring. Measure the lead-to-lead resistance remove the motor and recheck the lea s If 

w1th an ohmmeter (set to R x 1) Measure OK, checl< the leads for cont1nu1ty and for 
the lead-to-ground values With an ohmmeter bad splice 
(set to R x 100K) or a megaohmmeter 
Compare these measurements to the rated 
values for vour motor 

Poor motor cooling F1nd the mternal diameter of the well Throttle up the pump flow (GPM) so proper 
casing (or sleeve. if used). coohng IS possible 
For proper cooling. the flow ol water -or-
must not be less than the GPM shown Pull the pump out of the well and add a 
across the bottom scale on page _. sleeve w1th a smaller Internal d1ameter 

Pump Cycles Too Often 
POSSIBLE CAUSE CHECK THIS BY ... CORRECT THIS BY ... 

The pressure switch Is Check the pressure setting on the SWitch. ReadJUSt the pressure Switch or 
defective or Is not properly 
adjusted 

Check the voltage across closed contacts. replace 11 il defective 

The tank Is too small Check the tank s1ze and amount of air Replace the tank w1th one that IS the 
1n the tank The tank volume should be correct s1ze 
approximately 10 gallons lor each Gallon-
Per-M1nute of pump capaCity. At the pump 
cul-m pressure, the tank should be about 
213 filled with air 

There Is lnsuftlclent air Pump a1r 1nto the tank or d1aphra~m chamber Repa1r as necessary 
charging of the tank or Check the diaphragm for leaks. C eck the 
piping Is leaking lank and p1pmg for leaks w1th soapy water 

Check the a~r-to-water ratio '" the tank. 

Plllr.ged snifter valve or bleed Exam1ne them lor d1rt or eros1on. Repair or replace as necessary. 
or ce (causing pressure tank 
to be watertoaaedl 

Leak In the pressure tank 
or pipln!t ~~~h ~~~g~b~f~~r 1~d~~~0a~~~~~k, then 

Repair or replace as necessary 

The level control Is defective Check the senmg and operat1on of the Readtust the level control sett1ng 
or Is not properly set level control. (accord1ng to the manufacturers 

1nstruct1onsl or replace it 11 defective. 

Pump Is oversized for the Check the y1eld of the well (deterrmned Reduce the flow by throttling back 
application. It Is oufpumplng by the well-test) against the pump's the valve 
the yield of the well and performance curve -or-
pumping Itself dry. 

Change the pump. 

• 12 
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LIMITED WARRANTY 

Products manufactured by GRUNDFOS are warranted to the original user only to be free of 
defects 1n material and workmanship lor a period of 24 months from date of installation, but 
not more than 30 months from date of manufacture. GRUNDFOS' liability under this warranty 
shall be limited to repairing or replacing at GRUNDFOS' option, without charge, F.O.B. 
GRUNDFOS'Iactory or authonzed service stat1on, any product of GRUNDFOS' manufacture. 
GRUNDFOS will not be liable lor any costs of removal, installation, transportation, or any 
other charges which may arise in connection with a warranty claim Products wh1ch are 
sold but not manufactured by GRUNDFOS are subject to the warranty provided by the 
manufacturer of said products and not by GRUNDFOS' warranty. GRUNDFOS will not be 
liable lor damage or wear to products caused by abnormal operating conditions, accident, 
abuse, misuse, unauthorized alteration or repair, or if the product was not installed in 
accordance with GRUNDFOS printed 1nstallat1on and operating instructions. 

To obtain service under this warranty, the defective product must be returned to the 
distributor or dealer of GRUNDFOS products from which it was purchased together with 
proof of purchase and installation date, failure date, and supporting Installation data. Unless 
otherwise provided, the distributor or dealer will contact GRUNDFOS or an authorized 
service station lor instructions. Any defective product to be returned to GRUNDFOS or a 
service station must be sent freight prepa1d; documentation supporting the warranty claim 
and/or a Return Material Authorization must be included if so instructed. 

MANUFACTURER WILL NOT BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL 
DAMAGES, LOSSES, OR EXPENSES ARISING FROM INSTALLATION, USE, OR ANY 
OTHER CAUSES. THERE ARE NO EXPRESS OR IMPLIED WARRANTIES, INCLUDING 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, WHICH EXTEND 
BEYOND THOSE WARRANTIES DESCRIBED OR REFERRED TO ABOVE. EXCEPT AS 
EXPRESSLY HEREIN PROVIDED THE GOODS ARE SOLD "AS IS", THE ENTIRE RISK 
ASTO QUALITY AND FITNESS FOR A PARTICULAR PURPOSE, AND PERFORMANCE 
OF THE GOODS IS WITH THE BUYER, AND SHOULD THE GOODS PROVE DEFECTIVE 
FOLLOWING THEIR PURCHASE, THE BUYER AND NOT THE MANUFACTURER, 
DISTRIBUTOR, OR RETAILER ASSUMES THE ENTIRE RISK OF ALL NECESSARY 
SERVICING OR REPAIR. 

Some junsdictions do not allow the exclusion or limitation of implied warranties of 
merchantability and fitness lor a particular purpose, of mc1dental or consequential damages 
and some jurisdictions do not allow limitations on how long Implied warranties may last or 
require you to pay certain expenses as set forth above. Therefore, the above limitations or 
exclusions may not apply to you. This warranty gives you specific legal rights and you may 
also have other rights which vary from jurisdiction to jurisdiction. 

• 
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U.S.A. 
Grundfos Pumps Corporation 
17100 W. llBth Terrace 
Olathe, KS 66061 
Telephone (913) 227·3400 
Fax: (913) 227·3500 

Canada 
Grundfos Canada, Inc. 
2941 Brighton Road 
Oakv1lle, Ontano L6H 6C9, Canada 
Telephone· (905) 829·9533 
Fax. (905) 829·9512 

MeKico 
Bombas Grundfos de MexiCO, S.A. de C.V 
Boulevard TLC No 15 
Parque lndustnal St1va Aeropuerto 
Apodaca, N.l Mexico 
C.P. 66600 Apodaca, N L Mexico 
Telephone· 011·52·81-8144·4000 
Fax· Oll·52·81·8144·4010 L·SP·Tl·048 Rev. 5/08(US) 



TECHNICAL & PUMP SELECTION INFORMATION 
SECTION 6 

----------------------~· 
Part 1-INTRODUCTION 

Part 2- CABLE SELECTION 

Part 3- MISC. TECHNICAL DATA, FORMULAS, 
AND CONVERSIONS 

PART 1: INTRODUCTION 
General 
This section will provide the technical information needed 
to properly select GRUNDFOS groundwater products. The 
information applies primarily to domestic groundwater 
systems using 4-inch wells with submersible or jet pumps, 
pressure tanks, and accessories. It is important to be familiar 
with typical system components and their basic hydraulic 
principles to ensure a better understanding of the more 
technical information found later in this section. 

Prior to selecting the pump, the basic system requirements 
must be determined. System capacity and system pressure 
must be calculated and friction losses determined to ensure 
proper system performance. These calculations are covered 
in detail in Part 1. In Part 2, information is provided on 
proper cable selection. Also provided in Part 3 are 
miscellaneous technical data and formulas commonly used 
in the selection of domestic groundwater systems. 

Typical System Components 
Domestic groundwater systems are made up of a pump, 
storage tank, and accessories to operate the system 
automatically. Pumps are generally of the submersible or 
jet variety and include the pump and motor as a unit. Refer 
to Figure 8-A for the components found in a typical automatic 
groundwater pumping system. 

In a closed, automatic water system a pressure tank is 
used to store water and maintain system pressure between 
specified limits (such as 30 to 50 psi). As the water level in 
the tank rises, tank air is compressed in the upper part of 
the tank until the upper pressure limit is reached (i.e., 50 
psi). At this "cut-out'' point a pressure switch opens the 
electrical circuit to the motor and the pump stops. 

The compressed air in the tank acts like a spring pushing 
down on the water to create system pressure. When a valve 
is opened in the water system, the air pressure in the upper 
part of the tank forces the water to flow out of the tank and 
into the system. As the water is drawn from the tank, the 
air occupies a larger space and the pressure drops until the 
lower limit is reached (i.e., 30 psi). At this "cut-in" point the 
pressure switch closes the electrical circuit to the motor 
and the pump starts. A cycle is thereby completed. 

0 

FIGURE 8-A 

Typical Components for 
Grundfos Submersible Pump 

Water System 

Components found in a typical automatic groundwater pumping system 
including a submersible pump, pressure tank, and pressure control 
accessories. 

In an open, automatic water system the pump is used to fill 
a large, elevated storage tank which utilizes gravity to maintain 
system pressure. Tank level controls are used to cycle the 
pump to maintain water levels within prescribed limits. 

Refer to the following illustrations for schematic layouts of 
typical domestic groundwater systems and components: 
Figure 8-B (Submersible Pump- Closed System), Figure 8-C 
(Submersible Pump- Open System), Figure 8-D (Shallow Well 
Jet Pump), and Figure 8-E (Deep Well Jet Pump). 
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Submersible 
Pump 

FIGURE8-B 
F1gure 8-B Illustrates a schematiC layout of a CLOSED goundwater purnpmg 
system us1ng a submers1ble pump and pressure tank set for automatic operation . 
A pressure sw1tch controls the cycling of the pump. 

Closed Groundwater System with Submersible Pump 

A. STATIC WATER LEVEL (in feet): vertical distance from the top 
of the well to the standing water level or water table. 

B. DRAWDOWN (in feet): reduct1on 1n the water level dunng 
pumping (varies w1th well yield and pump capac1ty). 

C. PUMPING WATER LEVEL or LIFT (In feet): C = A + B. 

D. FRICTION LOSSES in the WELL (in feet): friction losses 
caused by the drop pipe and fittings between the pump and the 
top of the well. 

E. TOTAL LIFT in the WELL (in feet): E = A + B + D. 

F. STATIC DISCHARGE HEAD (In feet): for PRESSURE TANK 
SYSTEMS it 1s the elevation rise in feet of the pressure tank, 
d1scharge nozzles, etc., above the top of the well plus the 
pressure (in feet) required at that level. 

G. FRICTION LOSSES in the DISCHARGE SYSTEM (in feet): 
friction losses caused by piping, valves, and fittings between 
the top of the well and the point of d1scharge. 

H. TOTAL DISCHARGE HEAD (in feet): H F + G. 

J. TOTAL PUMPING HEAD (In feet): J = E +H. 

K. SETTING OF PUMP (in feet): vert1cal distance from the top of 
the well to the top of the pump. 

L. OVERALL LENGTH (in feet): vertical distance from the top of 
the well to the bottom of the pump. 

M. SUBMERGENCE (in feet): M : K • C. 

a. CAPACITY (in gpm or gph): rate of pumping 
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Ground Level at Well 

Figure 8-C illustrates a schematic layout of an OPEN groundwater pumpmg 
system us1ng a submersible pump and an elevated storage tank set lor automatiC 
operatiOn. A level control on the storage tank controls the cycling of the pump. 

Open Groundwater System with Submersible Pump 

A. STATIC WATER LEVEL (in feet): vertical d1stance from the top 
of the well to the standing water level or water table. 

B. DRAWDOWN (In feet): reduction in the water level during 
pumping (vanes w1th well yield and pump capacity). 

C. PUMPING WATER LEVEL or LIFT (In feet): C = A + B. 

D. FRICTION LOSSES in the WELL (In feet): friction losses 
caused by the drop pipe and fittings between the pump and the 
top of the well. 

E. TOTAL LIFT In the WELL (In feet): E = A + B + D. 

F. STATIC DISCHARGE HEAD (in feet): for OPEN DISCHARGE 
SYSTEMS it IS the elevation of the highest water level above the 
top of the well 

G. FRICTION LOSSES in the DISCHARGE SYSTEM (in feet): 
fnction losses caused by piping, valves, and fittings between 
the top of the well and the point of discharge. 

H. TOTAL DISCHARGE HEAD (in feet): H = F + G. 

J. TOTAL PUMPING HEAD (in feet): J = E + H. 

K. SETTING OF PUMP (in feet): vertical distance from the top of 
the well to the top of the pump. 

L. OVERALL LENGTH (in feet): vertical distance from the top of 
the well to the bottom of the pump. 

M. SUBMERGENCE (in feet): M = K - C. 

a. CAPACITY (in gpm or gph): rate of pumping. 
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FIGUREB-D 
F1gure 8-D Illustrates a schematiC layout of a SHALLOW WELL groundwater 
pump1ng system us1ng a shallow well JET PUMP designed for settmg to 25 feet. 
The pressure tank is set for automatic operation With a pressure sw1tch controlling 
the cycling of the pump. 

CLOSED GROUNDWATER SYSTEM WITH 
SHALLOW WELL JET PUMP 

A. Statics Water Level (in feet): vert1cal distance from the top of 
the well to the stand1ng water level or water table. 

B. Drawdown (in feet): reduction 1n the water level during pumping 
(varies with well yield and pump capacity). 

C. Pumping Water Level or Lift (in feet): C = A + B. 

D. Friction Losses in the Suction System (in feet): friction losses 
caused by suction pipmg between the pump and foot valve. 

E. Total Suction Lift (in feet): E = A + B + D + I. 

F. Static Discharge Head (in feet): for Pressure Tanks Systems 
it IS the elevation nse in feet of the pressure tank, discharge 
nozzles, etc , above the pump plus the pressure (in feet) discharge 
nozzles, etc., above the pump plus the pressure (in feet) required 
at that level. For Open Discharge Systems it is the elevation in 
feet of the highest water level above the pump. 

G. Friction Losses in the Discharge System (in feet): friction 
losses caused by piping, valves, and fittings between the top of 
the well and the p01nt of discharge. 

H. Total Discharge Head (in feet): H = F + G. 

I. Elevation of the Pump above the Top of the Well (in feet). 

J. Total Pumping Head (in feet): J = E + H. 

K. Setting of the Foot Valve or Strainer (in feet): vertical dis· 
lance from the top of the well to the top of the foot valve or 
strainer. 

L. Overall Length (in feet): vertical distance from the top of the 
well to the bottom of the foot valve or strainer. 

M. Submergence (in feet): M = K · C. 

a. Capacity (in gpm or gph): rate of pumpmg. 

I 

il ~ To serv1ce 
l!, 

, ... , /-Bladder · 
"'-'t Type 

1 1 Pressure 
Tank 

Ground Level at Well 

FIGURE B-E 
F1gure B-E Illustrates a schematiC layout of an DEEP WELL groundwater pumping 
system us1ng a deep well JET PUMP des1gned for senmgs to 100 feet. The 
pressure tank IS set for automatiC operallen w1th a pressure switch controllmg 
the cycling of the pump. 

CLOSED GROUNDWATER SYSTEM WITH 
SHALLOW WELL JET PUMP 

A. Static Water Level (in feet): vertical d1stance from the top of the 
well to the standing water level or water table. 

B. Drawdown (in feet): reduct1on in the water level during pumping 
(varies with well y1eld and pump capac1ty). 

C. Pumping Water Level or Lift (in feet): C = A + B. 

D. Friction Losses in the Suction System (in feet): fnctton 
losses caused by suction piping between the pump and foot 
valve. 

E. Total Suction Lift (in feet): E = A + B + D + I. 

F. Static Discharge Head (in feet): for PRESSURE TANK 
SYSTEMS 11 is the elevation rise 1n feet of the pressure tank, 
discharge nozzles, etc., above the pump plus the pressure (in 
feet) discharge nozzles, etc., above the pump plus the pressure 
(in feet) required at that level. For OPEN DISCHARGE SYSTEMS 
11 is the elevation in feet of the h1ghest water level above the 
pump. 

G. Friction Losses in the Discharge System (in feet): fnction 
losses caused by piping, valves, and fittings between the top of 
the well and the point of discharge. 

H. Total Discharge Head (in feet): H = F + G. 

I. Elevation of the Pump above the Top of the Well (in feet). 

J. Total Pumping Head (in feet): J = E + H. 

K. Setting of the Foot Valve or Strainer (in feet): vertical distance 
from the top of the well to the top of the foot valve or strainer. 

L. Overall Length (in feet): vertical distance from the top of the 

• 

• 

well to the bottom of the foot valve or stra1ner. • 
M. Submergence (in feet): M=K-C. The ejector should be set as 

close to the bottom of its maximum depth rating as the well will 
permit. 

a. Capacity (in gpm or gph): rate of pumping. 
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Head and Pressure 
Head and pressure are related in a very simple and d1rect manner. 
Since water has known weight, we know that a 231 foot long, one
inch square p1pe holds 100 pounds of water At the bottom of the 
one-1nch square pipe we refer to the pressure as 100 pounds per 
square inch (ps1). For any diameter pipe 231 feet h1gh, the pressure 
will always be 100 ps1 at the bottom. Refer to Figure 8-F. 

5000 Gal. 5Gal. 

100 psi 100 psi 

231 ft. 
HEAD 

FIGURE 8-F 
F1gure 8-F Illustrates the relationship between head and pressure 

Head is usually expressed 1n feet and refers to the height, or elevation, 
of the column of water. In Figure 8-F we see that a column of water 
231 feet high creates a pressure reading of 100 psi. That same 
column of water is referred to as having 231 feet of head. Thus, for 
water, 231 feet of head is equ1valentto 100 ps1. Or, 2.31 feet of head 
equals 1 psi. 

It should be noted that head and pressure read1ngs for non-flowing 
water depend on the elevation of the water and not on the volume of 
water nor the s1ze or length of piping. 

Flow and Friction Loss 
Flow IS measured as the volume of water moved over a g1ven 
length of time. This is generally referred to as gallons per minute 
(gpm) for larger flows and gallons per hour (gph) for smaller flows. 
When water moves through a pipe, it must overcome res1stance to 
flow caused by friction as 11 moves along the walls of the pipe as well 
as resistance caused by its own turbulence. Added together, these 
losses are referred to as friction losses and may s1gn1ficantly 
reduce system pressure. 

F1gure 8-G illustrates the relationship of flow and friction loss. For 
any flow through a level pipe the gauge pressure at the pipe inlet w1ll 
be greater than the gauge pressure at the pipe outlet. The difference 
IS attnbuted to fnct1on losses caused by the p1pe Itself and by fittings. 

In general, fnct1on losses occur or are increased under the follow1ng 
conditions: 

1. Friction losses result from flow through any size or length of 
p1pe (Figure 8-G). 

2. 

3. 

Friction losses increase as the flow rate Increases or as the 
pipe size decreases (if the flow rate doubles for a given pipe 
size, frict1on losses quadruple, F1gure 8-G). 

Friction losses increase w1th the add1t1on of valves and 
fillings to the system (Figure 8-G). 
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$ 30 pst 0 25 pst 

300 gph~ .... -=============================~___§ 300 gph 
A· 30 pst- 25 pst = 5 pst pressure drop 

(or 5 pst x 2 31 = 11 5 feel of fnclton loss) 

<D 30 pst E)10 pst 

60o gph,.....-"-c~===============~ 60o gph 

300 gph 

FIGURE 8-G 

B 30 pst- 10 pst = 20 pst pressure drop 
(or 20 pst x 2 31 = 46 2 feel of fnclton loss) 

C 30 pst - 5 pst = 25 pst pressure drop 
(or 25 pst x 2 31 =57 8 feel of fncltOn loss) 

As shown in these illustrations friction losses increase with addi
tional flow 

Power is required to push water to a higher elevation, to 1ncrease 
outlet pressure, to Increase flow rates, and to overcome friction 
losses Good system design and common sense ind1cate that fnction 
losses should be minimized whenever possible. The costs of larger 
pumps, bigger motors, and mcreased power consumption to 
overcome friction losses must be balanced aga1nst the increased 
cost of larger, but more efficient, system piping. In either case, 
unnecessary valves and fittmgs should be elimmated wherever 
pOSSible. 

Submersible Pumps vs. Jet Pumps 
Submersible and jet pumps are both used in domest1c groundwater 
systems. When high flow rates and pressure settings are requ1red 
at h1gh operating efficiencies, submersible pumps are generally 
preferred. Submersible pumps have the advantage of performing 
well both in shallow well applications as well as at depths to 2,000 
feet. An extens1ve range of submersible pump models is also available 
allow1ng a precise match to exact system requirements. 

Convertible jet pumps are sometimes an economical alternat1ve to 
submersibles, especially in shallow well installations of 25 feet or 
less. The pumps are less expensive, installation is simplified, and 
they are eas1ly converted for deep well Installations down to 100 feet 
(Figure 8-H). 

In "weak" well applications where the pump lowers the water level in 
the well faster than the well can replen1sh Itself, a deep well jet pump 
w1th a ta1l pipe is particularly effective when flow requirements are 
relatively small. By adding 35 feet of tall p1pe below the Jet assembly 
with the foot valve attached to the bottom, 11 w111 not be possible to pull 
the well down and allow air to enter the system. Pump delivery 
remains at 100% of the rated capacity down to the level of the jet 
assembly. If the water level falls below that po1nt, flow decreases in 
proportion to the drawdown as shown in Figure 8-1. When pump 
delivery equals well inflow, the water level remains constant unt1lthe 
pump shuts off. At 33.9 feet of drawdown the pump will no longer 
deliver water but the foot valve will remain fully submerged. 



j 
t 

4" or Larger Well 

Deep Well Ejector 

FIGURE 8-H 
Figure 8-H illustrates a convertible Jet pump set for deep well use (to 
100 feet). 

Final Pump Selection 
Final pump selection will depend upon specifiC application 
requirements and cost considerations. Regardless of the pump type, 
system flow and head requirements (discussed 1n detail in Part 2) 
must be determined pnor to actual pump selection. 

Flow requ1rement Will be determined by the size of the house or 
farm (includ1ng the number of bathrooms, outlets and appliances), 
the size of family, and the number of farm animals, if applicable. 

Total Pumping Head must be calculated to ensure that the pump 
selected will meet all head or discharge pressure requirements. 
Total pump1ng head is the combination of the total suction lift (or lift in 
well), plus the pump d1scharge head (consisting of the elevation 
from the pumping water level to pressure tank plus pressure tank 
discharge pressure), plus all system Inchon losses. 

Total Dynamic Head is equivalent to total pump~ng head plus velocity 
head. In most residential systems, velocity head is negligible. Because 
of this, the velocity head term has been left out of future examples 
and formulas. From the Information gathered on flow and head 
requirements, a specific submersible or jet pump may be selected 
and an appropriately s1zed pressure tank ordered. 

Suction P1pe 

Pressure P1pe 

-- Stat1c Water Level 

With Pumping Water Level. 

__ 10Ft Below EJector BOOk of 
the Rated GPM IS Produced 

__ 15Ft Below Etactor 70'Yo of 
the Rated GPM IS Produced 

20 Ft Below EJector 57% of 
--the Rated GPM •s Produced 

25 Ft Below Etector 40"k of 
--the Rated GPM IS Produced 

28 Ft Below Etec1or 25% of 
~the Rated GPM IS Produced 

'29 Fl Below EJector, 17% of 
~the Rated GPM IS Produced 

Tail Ptpe ----ilrFTII 33 9 Ft Maxomum Drawdown 0% ol 
35 Ft. Wtll Prevent the Rated GPM os Produced 
Breaktng Suction 

FIGURE 8-1 
Ftgure 8-1 illustrates the use of a tail pipe on a deep well convertible 
jet pump to compensate for weak well conditions. 
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PART 2: CABLE SELECTION 

Submersible Pump Cable Selection 
Charts (60 Hz) 

CABLE LENGTH SELECTION TABLES 

The following table (Table 8-0(2)) lists the recommended copper 
cable sizes and various cable lengths for submersible pump motors. 
Proper wire size will ensure that adequate voltage w111 be supplied to 
the motor. 

Th1s table complies with the 1978 edition of the National Electnc 
Table 310-16, Column 2 for 75°C w1re. The ampacities (current 
carrymg properties of a conductor) have been divided by 1.25 per 
the N.E.C , Article 430-22, for motor branch c1rcuits based on motor 
amps at rated horsepower. 

To assure adequate starting torque, the max1mum cable lengths are 
calculated to maintain 95% of the service entrance voltage at the 
motor when the motor IS running at max1mum nameplate amps. 
Cable sizes larger than specified may always be used and w111 reduce 
power usage 

The use of cables smaller than the recommended sizes will 
void the warranty. Smaller cable sizes will cause reduced 
starting torque and poor motor operation. 

CALCULATING MIXED CABLE SIZES 
In a submersible pump installation any combination of cable sizes 
may be used as long as the total percentage length of the individual 
cables does not exceed 100%. Mixed cable s1zes are most often 
encountered when a pump IS being replaced with a larger horsepower 
model and part of the old cable will be left in place 

In the following example, a 2 HP, 230 volt, 1 phase pump is being 
installed to replace a smaller model. The 115 feet of buried #12 cable 
located between the service entrance and the well head will be used 
in the replacement Installation. The well driller must be able to calculate 
the required size of cable 1n the well to connect the new motor at a 
setting of 270 feet. 

Cable Size Calculation: 
Step 1-Check Table 8-0(2) to see 1f the 115 feet of existing #12 
cable is large enough to prov1de current to the larger 2 HP 
replacement pump. The table tells us that #12 cable is adequate for 
a maximum length of 250 feet. 
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1-----115 F1 of Exoslong #12 ;:;Cabl:;::::.e ___ _ 
(46% ol Allowable Cable) 

FIGURE 8-0(1) 
Example of Mixed Cable Installation 

-l 
270 FL 

#8 Cable 
(54% of 

Allowable 
Cable) 

_j 

Step 2-Since 250 feet is the maximum allowable cable length for the 
#12 cable, calculate the percent used by the 115-foot run (115 ft . .;. 
250ft.= 46%) 

Step 3-With 46% of the total allowable cable used between the 
service entrance and the well head, 54% remains for use in the well 
(100%- 46% =54%) Therefore, the 270 feet of cable reqUired 1n the 
well can utilize only 54% of the total feet allowed in the table. 

Step 4-From Table 8-0(2) determine the proper size cable requ1red 
for the 2 HP pump set at 270 feet. (Remember, you are hm1ted to 
54% of the length listed 1n the table.) A check of #10 cable at 2 HP 
Indicates that only 210 feet of this cable could be used (390ft. x 54% 
=210ft.). Since this is less than the 270 required, the next larger size 
should be tried. For #8 cable, 54% of 620 feet= 335 feet. The #8 
cable is suitable for use in the well at a pump setting of 270 
feet. 

See Chart 8-0(2) next page. 



230 

230 1'h 
2 
3 
5 

7'h 
10 
15 
20 
25 

360 
280 

580 
450 

920 
700 

MAXIMUM MOTOR CABLE LENGTH 

1450 
1110 

(Motor Service to Entrance) 

1740 

1900 
1350 2030 

1340 
1050 
840 

1270 
1030 1170 

460 1 'h 1700 

575 

2 1300 2070 
3 
5 

7'h 
10 
15 
20 
25 
30 
40 
50 
60 
75 
100 
125 
150 
200 

1'h 
2 
3 
5 

7'h 
10 
15 
20 
25 
30 
40 
50 
60 
75 

2330 
1680 2650 

2090 
1610 2520 

1970 2380 2890 3290 

CAUTION: Use of wire size smaller than listed will void warranty. • 

Notes: 1. If alum1~um conductor is used, multiply lengths by 0.5 Maximum allowable length of aluminum is considerably shorter than copper wi 
same s1ze 

2. The port1on of the total cable wh1ch IS between the service entrance and a 3e motor starter should not exceed 25% of the total maximum 
length to assure reliable starter operation. Smgle-phase control boxes may be connected at any point of the total cable length. 

3. Cables #14 to #0000 are AWG s1zes, and 250 to 300 are MCM sizes. 
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Calculating Discharge Rate by Using 
The Horizontal Open Discharge Method 
The most reliable method of measuring flow is to use a flow meter. 
When a flow meter IS not available, however, it is possible to est1mate 
the discharge capac1ty by constructing an "L" shaped measuring 
stick s1m1lar to that shown 1n Figure 8-V. With the water flowing from 
the p1pe, place the long end of the "t.:' on top of the pipe Position the 
"L.:' so that the end of the short 4-inch side just touches the stream of 
water as the stream slants downward. Note the horizontal distance 
"X" from th1s point to the open end of the discharge pipe. With the 
value "X" and and the nominal1nside diameter of the pipe, use Table 
8-X to find the discharge rate in gallons per minute. 

EXAMPLE: Horizontal d1stance "X" is measured to be 12 mches. 
The s1ze of the p1pe Is known to be 1 Yi' (nominal diameter). Find 12 
inches in the left hand column of the chart and move across to the 
1 'h" pipe s1ze column. Table 8-X 1nd1cates that the discharge rate is 
40 0 gallons per minute. 

Calculating Low Capacity Outlets: A simple procedure for 
measuring low capacity outlets such as small pump outlets, hose 
sp1gots, and faucets is to record the amount of time it takes to fill a 
container of known size. 

EXAMPLE: Select a container of known size such as a 5-gallon 
paint bucket. With a watch, measure, m seconds, the amount of time 
11 takes to fill the bucket. If 11 takes 30 seconds to fill a 5-gallon bucket, 
Table 8-W ind1cates that the flow is 10.0 gallons per minute. To obtain 
gallons per hour (gph) multiply 10.0 x 60 to obta1n 600 gph. 

TABLE 8-W 
Discharge Rate in Gallons Per M1nute (GPM) for Low Capac1ty 
Systems 

Capacity ol Time In seconds to Fill Container 
Container 10 I 15 I 20 301 45 60 90 120 
(Gallons) Dlschar11e Rate In Gallons Per Minute GPM 

1 60 4.0 30 2.0 1.3 1.0 .7 .5 

3 180 12.0 9.0 6.0 4.0 3.0 2.0 1.5 

5 300 20.0 150 10.0 67 50 3.3 25 

10 60.0 40.0 300 20.0 133 10.0 67 5.0 

NOTE: Multiply gallons per minute (GPM) by 60 to obtain gallons 
per hour (GPH). 

Calculating Distance to Water Level 
Install Vs" or v..'' p1pe or tubmg into the well so that the end of the 
tubmg extends 1 0 to 20 feet below the lowest possible pumping 
water level. Be sure that all JOmts 1n the tubing are a1rtight. As the 
tubing is lowered into the well measure 1ls length. Record the mea
surement. 
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TABLE 8-X 
Discharge Rate 1n Gallons Per Minute (GPM) for Large Capacity Systems 

Hartz. Nominal Pipe Size (In Inches) DlsL (X) 
1 I1V4'11'h" 2'" I 2 WI 3" 4" I 5·· I 6" I a·· Inches 
Discharge Rate in Gallons Per Minute (GPM) 

4 57 98 13 3 22.0 31 48 83 

5 71 122 166 27 5 39 61 104 163 

6 8.5 14.7 20.0 33.0 47 73 125 195 285 

7 100 171 23.2 38.5 55 85 146 228 334 380 

8 11 3 196 26.5 440 62 97 166 260 380 665 

9 12.8 22 0 29.8 49.5 70 110 187 293 430 750 

10 14.2 24 5 332 55 5 78 122 208 326 476 830 

11 15.6 27.0 36.5 60 5 86 134 229 360 525 915 

12 17.0 29.0 40.0 66 0 94 146 250 390 570 1000 

13 18.5 31.5 43.0 71.5 102 158 270 425 620 1080 

14 20.0 34.0 46.5 77.0 109 170 292 456 670 1160 

15 213 36.3 500 82.5 117 183 312 490 710 1250 

16 22.7 39.0 53 0 88.0 125 196 334 520 760 1330 

17 41.5 56.5 930 133 207 355 550 810 1410 

18 600 99.0 144 220 375 590 860 1500 

19 100.0 148 232 395 620 910 1580 

20 156 244 415 650 950 1660 

21 256 435 685 1000 1750 

Once the tub1ng is f1xed in a stationary pos1llon at the top of the well, 
connect an air line and pressure gauge With a tire pump or other a1r 
supply, pump air into the line until the pressure gauge reaches a 
p01nt where 11 doesn't read any higher. Record the pressure gauge 
reading at this po1nt. 

Figure 8-Y Illustrates a typ1cal method for measuring distance to 
water level· 

X = D1stance to water level (in feet) This f1gure to be 
determined. 

Y Total length of air line (in feet). 

Z Length of submerged air line. This value is obtained from 
the pressure gauge reading which reads in pounds per 
square inch (psi). Multiply the pressure gauge read1ng 
by 2.31 to obtain the length of the submerged air line in 
feet. 

Distance to water level (X) = (Y) - (Z) 
= The total length of the air line (Y) minus the length of the 

submerged portion of the air line (Z). 

Figure 8-Y 
Calculating the d1stance to water level. 

Example: 
Assume that the a~r line 1s 1 00 feet long 
and the pressure gauge reads 8 ps1 
Calculate the d1stance to water level (X). 

8 ps1 x 2 31 = 18.5 feet 

(X)= 100 feet (Y)- 18 5 feet (Z) 

= 81.5 feet = diStance to water level 



FORMULAS 

TEMPERATURE CONVERSIONS: 

Degrees C = 5. x (Degrees F - 32) 
9 

Degrees F = (a x Degrees C) + 32 
5 

Area of a Circle: 
Area=,. r 2 

Circumference of a Circle: 
Circumference = 2 ,. r 

r = rad1us 
,. = 3.14 

Volume of a Tank or Cistern: 
3.14 x (radius of tank)2 x (hi. of tank) x 7.48 = Gallons 
Radius and height of tank measured 1n feet 
7.48 =number of gallons per cub1c foot of water 

WORK, POWER, AND EFFICIENCY: 
The amount of work required to lift 1 pound to a height of 1 foot IS 

defined as 1 ft.-lb. To lift 100 pounds to a height of 60 feet is 100 
pounds x 60 feet = 6,000 ft-lbs. Th1s amount of energy remains the 
same whether 11 takes one minute or one hour to lift the weight. The 
rate of working, however, is referred to as power and was 6,000 ft
lbs. per minute in the first case and 100 foot pounds per minute in the 
second case. 

Power can be represented either mechanically or electrically. Me
chanical power is measured in horsepower (HP). One HP is the 
theoretical power requ1red to raise 33,000 pounds to a height of one 
foot in one minute, or: 

1 HP = 33,000 ft.-lb./mmute 
= 550 ft.-lb./second 

Electrical power is measured in watts(w) or kilowatts(kw), and: 

1,000 w = 1 kw = 1.34 hp, or 
1 HP = 745 w = 0.746 kw 

WATER HORSEPOWER (WHP): 
Water horsepower is the power requ1red to raise water at a specified 
rate against a spec1fied head, assuming 100% efficiency. 

WHP = GPM x Total Pumping Head 
3,960 

BRAKE HORSEPOWER (BHP): 
Brake horsepower is based on test data and can be either the horse
power developed at the motor shaft (motor output) or that absorbed at 
the pump shaft (pump input). 

Pump BHP = WHP x 100 

Pump Efficiency (%) 

GPM x Total Pumping Head x 100 
3,960 x Pump Efficiency (%) 

Motor BHP Power input x Motor Eff1c1ency (%) 

100 

1 34 x kw 1nput x Motor Efficiency (%) 

100 

PUMP EFFICIENCY: 
Pumps and motors, like all mach1nes, are not 100% eff1cient. Not 
all of the energy supplied to them is converted mto useful work. 
Pump efficiency is the rat1o of power output to power input, or 

EffiCiency (%) = Power Output x 1 00 
Power Input 

Pump Eft. (%) = 

Motor Eft (%) 

Plant Eft. (%) 

WHP x 100 
Pump BHP (Input) 

GPM x Total Pumping Head x 100 
3960 x Pump BHP (Input) 

Motor BHP (Output) x 100 
1 .34 x kw input 

GPM x Total Pump1ng Head x 1 00 
5,300 x kw Input 

ELECTRIC POWER (AC): 

· E = Electrical pressure (volts). Similar to hydraulic head. 

I = Electrical current (amps) S1milar to rate of flow. 

W = Electrical power (watts) = E x I x PF 

kw = Kilowatt (1 ,000 watts) 

kw-hr. = Kilowatt-hour = 1 ,000 watts for one hour 

Apparent Power = E x I = volt-amperes 

PF = Power Factor = Useful Power .;. Apparent Power 

Power Calculations for Single-Phase Power 
W (Watts) = E x I x PF 
NOTE· When measuring singie-phase power use a s1ngle-phase 
wattmeter. 

Input HP to motor= W.;. 746 = 1 34 x kw 

Power Calculations for Three-Phase Power 
W (Watts) = 1. 73 x E x I x PF 
Where: E = effective (RMS) voltage between phases 

I =average current in each phase 
NOTE: When measuring three-phase power use either (1) three
phase wattmeter, (2) smgle-phase wattmeters, or the power 
company's revolving disc wattmeter. 

When calculating power with a revolving disc wattmeter use the 
follow1ng formulas: 

kw input = K x R x 3.60 
I 

Input HP (to motor) = K x R x 3,600 
746 X I 

= K X R X 4.83 
I 
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FORMULAS 

Motor BHP (output) Input HP x Motor Eff.(%) 
100 

Where K = Meter constant = watts per revolution of revolving d1sc 
{value of K is marked on the meter nameplate or on the revolvmg 
disc). Where current transformers are used, multiply meter constant 
by current transformer ratio. 

R = Number of d1sc revolutions counted. 

t = T1me 1n seconds for R revolutions. 

FRICTION LOSS TABLES 

Friction Loss Table - SCH 40 STEEL PIPE 
(Friction Loss in Feet of Head Per 100 Feet of P1pe) 

1/2" 3/4" 1" 11/4" 1 1/2" 2" 2 112" 3" 
ID ID ID ID ID 10 ID 10 

GPM GPH 0.622" 0.824" 1.049" 1.360' 1.610' 2.067" 2.469' 3.068" 
2 120 4.8 
3 180 10 2.5 
4 240 171 42 
5 300 3 19 
6 360 9 2.7 
7 420 .6 3.6 
8 460 5 45 
9 540 78.3 188 57 
10 800 95.9 23 69 18 
12 720 32.6 96 25 1.2 
14 840 43.5 12.8 3.3 1.5 
16 960 56.3 16.5 42 2 
20 1,200 861 25.1 63 2.9 
25 1,500 38.7 9.6 4.5 13 
30 1,800 

H 
13 6 6.3 18 

35 2,100 18.2 84 24 
40 2,400 23.5 10.8 31 13 
45 2,700 29.4 13.5 

~ 
50 3,000 36 164 
60 3,600 51 23.2 
70 4,200 6138 31.3 
80 4,800 892 40.5 
90 5,400 51 
100 6000 62.2 
120 7,200 24.7 101 1 34 
140 8,400 332 135 4.5 
160 9600 43 175 58 
200 12,000 66.3 27 8.9 
260 15,600 45 14 8 
300 16000 596 195 

Friction loss Table- VALVES and FITTINGS 
(Friction Loss in Equivalent Number of Feet of Straight Pape) 

4" 
10 

4.026" 

1 2 
1.5 
2.3 
37 
4.9 

NOMINAL SIZE OF FITTING AND PIPE 
TYPE OF FITnNG PIPE AND 112" 314" 1" 11/4" 1112" 2" 2112" 

AND APPUCATION FITnNG EQUIVALENT LENGTH OF PIPE~ 
Insert Couohn!l Plast1c 3 3 3 3 3 3 

Threaded Adapter 
(PlastiC to Thread) Plast1c 3 3 3 3 3 3 3 
90' Standard Elbow Steel 2 2 3 4 4 5 6 

PlastiC 2 2 .3 4 4 5 6 
Standard Tee Steel 1 2 2 3 3 4 4 

(Flow ThrouQh Run) Plast1c 1 2 2 3 3 4 4 
Standard Tee Steel 4 5 6 7 8 11 13 

(Flow Through S1de) PlastiC 4 5 6 7 8 11 13 
Gate Valve' Steel 1 1 1 1 2 2 2 

Sw1no Check Valve' Steel 5 7 9 12 13 17 21 

NOTES: 
Based on schedule 40 steel and plastic fittings . 

Figures given are friction losses in terms of EqUivalent Lenghts of 

straight pipe. 

<D Friction loss figures are for screwed valves and are based on 

equivalent lengths of steel pipe. 
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CALCULATING OPERATING COSTS OF PUMPS: 
Costs in Cents per 1 ,000 Gallons: 

Cost (It) kw Input x r x 1,000 
GPH 

Cost in Cents per Acre-Inch 

Cost (It) kw Input x r x 452.6 
GPM 

Where: r = cost of power in cents per kw-hr. 

Friction Loss Table - SCH 40 PVC 
(Friction Loss in Feet of Head Per 100 Feet of Pipe) 

112" 3/4" 1" 

GPM GPH 
2 120 
3 180 

300 222 5.7 1.6 
380 312 8 25 
420 415 10.6 3.3 
480 53 13.5 4.2 
540 66 168 5.2 
600 805 204 6.3 1.7 
720 286 8.9 2.3 1.1 
840 38 11.8 3.1 1 4 
960 486 151 4 19 

1,200 605 22.8 6 2.8 
1,500 38.7 91 4.3 1.3 
1 BOO 12.7 6 1.8 
2,100 16.9 8 24 
2,400 216 102 3 
2 28 12.5 
3. 15.4 

21.6 
28.7 
36.6 

90 45 7 13.6 
100 56.6 16.5 
120 231 
140 30.6 
160 39.3 
200 663 
260 
300 

1.8 
2.2 
3 
4 11 
5 1.4 

7.6 21 
12.2 3.4 



CONVERSION TABLES 

UNITS OF FLOW • 
~ 

U.S. MILLION CUBIC CUBIC 
GALLONS U.S. FEET METERS LITERS 

PER GALLONS PER PER PER 
MINUTE PER DAY SECOND HOUR SECOND 

MULTIPLY BY: ... 
(1) U.S. GALLON PER MINUTE 1 0.001440 0.00223 0.2271 0.0631 
(1) MILLION U.S. GALLONS PER DAY 694.5 1 1.547 157.7 43.8 
(1) CUBIC FOOT PER SECOND 448.83 0.646 1 101.9 28.32 
(1) CUBIC METER PER HOUR 4.403 0.00634 0.00982 1 0.2778 
(1) LITER PER SECOND 15.85 0.0228 0.0353 3.60 1 

UNITS OF PRESSURE AND HEAD 
CONVERTTO • LBS. FEET METERS INCHES 

PER OF OF OF KILOGRAMS 
SQUARE WATER WATER MERCURY ATMOSPHERES PER 

INCH (j) (j) ® SQUARECM 
CONVERT FROM • 

(1) LB. PER SQUARE INCH 1 2.31 0.704 2.04 0.0680 0.0703 
(1) FOOTOFWATER<D 0.433 1 0.305 0:881 0.02945 0.0304 
(1) METER OF WATER <D 1.42 3.28 1 2.89 0.0966 .1 
(1) INCH OF MERCURY® 0.491 1.135 0.346 1 0.0334 0.0345 
(1) ATMOSPHERE (at Sea Level) 14.70 33.96 10.35 29.92 1 1.033 

KILOGRAM PER SQUARE CM 14.22 32.9 10 28.96 0.968 1 

NOTES: <D Equivalent units are based on density of fresh water at 68°F. 
® Equivalent units are based on density of mercury at 32°F. 
Each 1,000 feet of ascent decreases pressure about Y2 pound per square inch. 

UNITS OF VOLUME AND WEIGHT 

~ 
u.s. IMPERIAL 

GALLONS GALLONS 
c 
(1) U.S. GALLON 1 0.833 
(1) IMPERIAL GALLON 1.201 1 
(1) CUBIC INCH 0.00433 0.00360 
(1) CUBIC FOOT 7.48 6.23 
(1) ACRE FOOT 325,850 271,335 
(1) POUND® 0.120 0.0998 
(1) CUBIC METER 264.2 220 
(1) LITER 0.2642 0.220 

NOTES: ®·Weight equivalent basis water at 60°F. 

UNITS OF LENGTH 
(1) Inch = 0.0833 Ft.= 0.0278 Yd.= 25.4 mm = 2.54 em 
(1) Ft. = 12 Inches = 0.333 Yd.= 30.48 em = 0.3048 Meter 
(1) Yard = 36 Inches = 3 Ft.= 91.44 em = 0.9144 Meters 

CUBIC CUBIC ACRE POUNDS CUBIC 
INCHES FEET FEET ® METERS LITERS 

231 0.1337 3.07x10"6 8.34 0.003785 3.785 
277.4 0.1605 3.69x10"6 10.01 0.004546 4.546 

1 0.000579 - 0.0361 1.64x10·5 0.0164 
1728 1 2.30x10·5 62.4 0.02832 28.32 
- 43,560 1 2.7x106 1233.5 1.23x1Q6 

27.7 0.0160 3.68x10"7 1 4.54x10"" 0.454 
61,024 35.315 8.11x10"" 2202 1 1000 
61.024 0.0353 8.11x10·7 2.202 0.001 1 

(1) Mile= 5280 Ft.= 1760 Yds. = 1.61 km = 1609 Meters 
(1) Meter= 3.281 Ft.= 39.371n. = 0.000621 Miles= 0.001 km 
(1) Kilometer= 1000 m = 1093.61 Yds. = 0.62137 Miles= 3281 Ft. 
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SQ, SQE, SP 
Stainless steel submersible pumps and accessories 

60Hz 



Mission 
------------------------~ 

-to successfully develop, produce, and sell high quality 
pumps and pumping systems worldwide, contributing to a 
better quality of life and healthier environment 

Olathe, Kansas 

One of the 3 largest pump companies in the world with over 11,000 employees worldwide 

World headquarters in Denmark 

• North American headquarters in Kansas City- Manufacturing in Fresno, California 

• 60 companies in 40 countries 

• More than 10 million pumps produced annually worldwide 

• North American companies operating in USA, Canada and Mexico 

• Continuous reinvestment in growth and development enables the company to 

BE responsible, THINK ahead, and INNOVATE 

GRUNDFos·~ 
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Submittal Data Sheet 

~------------------------
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GRUNDFCJS~ ~ 

Client Information 

Project title:---------
Reference number: -----------

Client contact: 

Location Information 
For: ---------------------

Client name: -----------------1 
Client number: -----------------1 

Client phone no: ( } 

Unit: -------------------------------1 
Site: ----------------- Service: -------------------------------1 

Address: 

Technical Data 

Flow(GPM) 

Head (Ft) 
Motor 

Max Fluid Temp 
Min Fluid Temp 

Max Working Pressure 
Min Required Inlet Pressure 

Connection Type and Size 

Pump Information 

City: State: 

Motor Information 

HP: 

Phase: 
Voltage: 

Enclosure: 

Zip Code: 

Model Information from Type Key and Codes:-------------------------------------; 
Example: SP 150S Quantity Required:-----------

Minimum required flow:-=---:--------
Product Guide additional information pages 

NPSH required at duty point:-------

Materials page number:----------
Technical data page number: 

Performance curve page number: ------------1 
Motor data page number: 

Custom-built pump information (optional): ----------------------------------

Additional Information 

GRUNDFOS*~ 



GRUN DFOS STAINLESS STEEL PUMPS 
FOR GROUNDWATER APPLICATIONS 

----------------------~· 
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GRUNDFOS STAINLESS STEEL PUMPS 

·~----------------------
STAINLESS STEEL CONSTRUCTION 

Grundfos submersibles feature rugged and durable stainless steel construction for all vital pump components. Impellers, 
diffusers, shafts, vanes, cable guards, couplings ... even the nuts and bolts are stainless steel. Grundfos' 4-inch pump 
systems include the stainless steel pump, motor, and control box and are delivered ready to install. 

Computer-aided design and manufacturing techniques ensure that each pump is built to exacting tolerance and performs 
to industry-leading standards. Grundfos state-of-the-art production equipment includes extensive use of robotics and 
advanced quality assurance procedures. You can rely on quality Grundfos' groundwater products for outstanding pump 
performance and best value. 

SUBMERSIBLES 

4-INCH and LARGER WELLS 
The 4-inch submersibles line covers all flow requirements 
from 1.2 to 95 gpm and heads to 2000 feet. This broad 
range ensures proper pump selection for all domestic 
groundwater system applications. 

6, 8, & 1 0-INCH and LARGER WELLS 
For high flow requirements, this submersible line includes 

M.· 8, and 1 0-inch models for flows up to 1 ,400 gpm and 
.eads to 2100 feet. 

Grundfos offers 18 models of submersible pumps 
designed for domestic and industrial applications with 
flow rates from five to 1 ,400 gpm. Horsepower range 
extends from 1/3 hp to 250 hp. These pumps are 
marketed through more than 300 distributors and nearly 
2,000 dealers nationwide. 

THE STAINLESS STEEL ADVANTAGE 

TOP PUMP PERFORMANCE 

r I 
; 

,llliliil' 

i I 

Grundfos pumps are built to work hard with every component designed for maximum hydraulic efficiency. With the 
inherently smooth surfaces of fabricated stainless steel, peak performance is maintained over many years of service. 

RELIABLE OPERATION 
Highly advanced design and manufacturing techniques minimize the number of moving parts. This, plus Grundfos' use 
of rugged stainless steel construction, make GRUNDFOS groundwater pumps the toughest, most reliable pumps on the 
market. With Grundfos you can rely on getting the water you need, when you need it. 

LONG PUMP LIFE 
Stainless steel is the best available material to resist wear and corrosion in water system applications. Compare 
Grundfos' stainless steel construction to the best the other manufactures have to offer. Grundfos stainless steel pumps 
are designed to operate efficiently and effectively for a long, long time . 

• 
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GRUNDFOS STAINLESS STEEL PUMPS 

----------------------~· 
SQ/SOE SUBMERSIBLE PUMPS 

3-lnch SQ/SQE Submersible Well Pumps 
3-lnch and Larger Wells 

satsaE pumps are suitable for both continuous and 
intermittent operation for a variety of applications: 

Domestic water supply 
Small waterworks 
Irrigation 
Tank applications 

SQ, SQE pumps offer the following features: 
Dry-Run protection 
High efficiency pump and motor 
Protection against up-thrust 
Soft-start 
Over-voltage and under-voltage protection 
Overload protection 
Over-temperature protection 
High starting torque 

Additionally, the SaE pumps offer: 
Constant pressure control 
Variable speed 
Electronic control and communication 

The sa and SaE pump models incorporate an innovative 
motor design. With the use of permanent-magnet technol
ogy within the motor, the Sa/SaE pumps deliver un
matched performance. By combining permanent-magnet 
motors and Grundfos's own micro frequency converter, we 
are now able to control and communicate with the pump in 
ways never before possible. A few of the features that 

TYPE KEYS 

SP Example 10 s os - 9 

Rated gallons per m1nute _I I 
Material of construction ___j 
Horsepower -------------' 

Number of pump stages ------------' 

come out of this combination 
are Constant Pressure 
Control, Soft-Start, and 
integrated Dry-Run protec
tion. These are just a few of 
the many features that the 
sa;saE pumps can offer. 

The sa pump models 
operate at a constant speed 
much like today's conven
tional pumps. The difference 
between it and traditional 
pumps is you get all the 
benefits of an electronically controlled permanent
magnet motor that cannot be accomplished with a 
conventional induction motor. The sa pumps are 
available for single phase power. They use a simple 
2-wire design making installation easy. 

The SaE uses the Grundfos "Smart Motor''. Like 
the sa model, we still use the high efficiency 
permanent magnet motor, but we give this motor 
the ability to communicate. The "Smart Motor'' 
communicates via the CU301 status box through • 
the power leads. It is not necessary to run any 
additional wires down the well. By being able to 
communicate with the pump you can have Constant 
Pressure Control and the ability to change the pump 
performance while the pump is installed in the well. 
Like the sa motor, this is also a 2-wire motor 
designed for single-phase operation. 

SQ/SQE Example 10 sa E os - 1so 

Rated gallons per minute J I 
Bas1c version (without communication) _j 
Electronic communication --------' 

Horsepower -------------' 

Total Dynamic Head in (fl) at rated flow ------' 

• 
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Easy Selection Chart 

4-INCH SUBMERSIBLES 

SECTION. 

Performance Curves and Technical Data 
4-lnch Submersible Pumps 

1800 -..,- ·- --- ,_,.......- ,-..,.----., ...,. r- - --.-- • 

1700 - .. ; ~:!::: -=t- -~ f ~:-~::- = _- ·- - ~-=:= ~ ~~.:-- ---~-
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Performance Curves 

Materials of Construction 
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4-INCH SUBMERSIBLES 

·~----------------------
Cirundfos Stainless Steel 
Submersible Pumps 
4 .. Submersible 
Easy Selection Charts . 

• 
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55 EASY SELECTION CHART 

----------------------~~ 
5GPM 

SELECTION CHARTS FLOW RANGE 

(Ratrngs are in f'".lAI r nN~ PER_ MINUT':-GPM: (1.2 TO 7 GPM) 
DEPTH TO PUMPING WATER LEVEL (LIFT IN FEET 

PUMP 

MODEL HP I PSI 20 40 60 80 100 120 140 160 180 200 

0 7.1 6.7 62 5.8 5.3 4.8 4.3 

_gQ_ 7.0 _6.6 6.1 5.7 5.2 4.6 4.0 2.8 1.6 

5503-9 1/3 30 6.5 6.0 5.6 5.1 4.6 3.8 2.9 1.5 

40 6.7 6.0 5.5 5.1 4.4 3.8 2.4 

50 6.2 5.5 4.9 4.4 3.4 2.5 1.3 

60 5.6 4.9 4.2 3.5 1.9 

'PSI: 102 94 85 76 68 59 50 42 33 24 

0 6.8 6.4 6,' 5.8 

20 7.3 7.0 6.7 6.3 60 5.7 5.4 5.1 
5505-13 112 30 7.2 6.9 6.6 6.3 6.0 5.7 5.4 5.0 4.7 

~0 72 6.9 6.6 6.3 5.9 5.6 5.3 5.0 4.6 4.2 
50 6.8 6.5 6.2 5.9 5.6 5.3 4.9 4.6 4.0 3.5 
60 6.5 6.2 5.8 5.5 5.2 4.9 4.5 4.0 3.3 2.6 

;:,nu -ur : PSI: 152 143 134 126 117 108 100 91 82 74 

0 7.1 6.9 6.7 

20 7.1 6.8 6.6 6.4 62 

5507-18 3/4 30 7.0 6.8 6.6 6.3 6.1 5.9 

40 7.2 7.0 6.8 6.5 6.3 6.1 5.9 5.6 

50 7.2 7.0 6.7 6.5 63 6.1 5.8 5.6 5.4 

60 7.1 6.9 6.7 6.5 6.2 6.0 5.8 5.6 5.3 5.1 

"'"-'"-vr '_F'SI: -213 2_04 195 187 178 _1~9 161 15_2 ~43 _1~ 

0 7.1 

20 7.1 6.9 6.7 

5510-22 1 30 7.0 6.8 6.7 6.5 

40 7.0 6.8 6.6 6.5 6.3 

50 72 7.0 6.8 6.6 6.4 62 6.1 

60 7.1 6.9 6.8 6.6 6.4 62 6.0 6.0 

;:,nu o-ur :PSI: 245 I 237 228 219 211 202 194 185 

0 

~- J.1_ 

5515-26 1 1/2 30 7.1 6.9 

40 7.0 8.9 6.7 

50 7.0 6.9 6.7 6.5 

60 7.0 6.8 6.7 6.5 6.4 

SHUT-OFF PSI: _269_ _260 ~~- ~3 23_4_ 

0 

20 

5515-31 1112 30 

40 7.0 

50 7.1 7.0 6.9 

60 7.1 7.0 6.8 6.7 

;:,HUT -OF" PSI: 320 311 303 294 

See 58 performance curves for higher head models 
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

220 240 260 280 300 340 

3.2 2.1 

16 7 

5.5 5.2 4.8 4.5 3.9 2.3 

4.7 4.3 3.7 31 2.0 
4.2 3.7 2.8 2.0 

~~ 2.8 1.6 

2.6 1.6 
1.3 

65 56 48 39 30 13 

6.4 6.2 6.0 5.8 5.6 5.1 

5.9 5.7 5.5 5.3 5.0 4.5 

5.7 5.5 52 5.0 4.7 4.0 

5.4 52 4.9 4.7 4.4 3.5 

5.1 4.9 4.6 4.3 3.9 2.9 

4.9 4.6 4.3 3.9 3.4 2.1 

1~ _IE_ 109 100 91 74 

6.9 6.7 66 6.4 62 5.8 

6.5 6.3 61 6.0 5.8 5.4 

6.3 6.1 5.9 5.7 5.6 5.2 

6.1 5.9 5.7 5.5 5.4 5.0 

5.9 5.7 5.5 5.3 5.1 4.7 

5.7 5.5 5.3 5.1 4.9 4.4 

176 168 159 150 142 124 

7.1 7.0 6.8 6.7 6.4 

6.9 6.8 _6~6 ~5 6.3 6.0 

6.7 6.6 6.4 6.3 6.1 5.8 

6.6 6.4 6.3 6.1 6.0 5.6 

6.4 6.2 6.1 5.9 5.8 5.5 

6.2 6.1 5.9 5.8 5.6 5.3 

2~ ~~ 208 20() 191 _!7~ 

7.1 7.0 6.7 

7.1 6.9 6.8 6.7 6.4 

7.0 6.9 6.8 6.6 6.5 62 

6.9 6.8 6.6 6.5 6.4 6.1 

6.7 6.6 6.5 6.3 6.2 6.0 

6.6 6.5 6.3 6.2 6.1 5.8 

285 277 268 259 251 233 

PUMP OUTLET 
1 "NPT 

400 460 520 600 700 800 900 1000 1100 

4.2 2.7 

3.2 

2.5 

1.5 

48 22 

5.3 4.7 3.8 1.7 

4.8 4.0 2.8 

4.6 3.6 2.1 

4.3 3.1 1.3 

3.9 2.5 

3.5 1.7 

98 72 46 12 

5.9 5.4 4.9 4.1 2.1 

5.5 5,1_ ~-~ _!i 
5.4 4.8 4.2 2.9 

5.2 4.6 5.6 2.4 

50 4.4 3.6 1.7 

4.8 4.1 3.1 

_148 122 96 61 18 

6.3 5.9 5.5 6.7 4.1 2.6 

6.0 5.6 52 4.6 3.5 1.6 

5.9 5.5 5.1 4.4 32 0.9 

5.7 5.3 4.9 4.2 2.8 

5.6 5.2 4.7 4.0 2.3 

5.4 5.0 4.5 3.7 1.7 

207 181 155 121 77 34 

• 
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7S EASY SELECTION CHART 

·~----------------------7GPM 
SELECTION CHARTS FLOW RANGE PUMP OUTLET 

(Ratings are 1n GALLONS PER MINUTE-GPM) (3 TO 10 GPM) 1 "NPT 

DEPTH TO PUMPING WATER LEVEL (LIFT> IN FEET 

PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100 

20 10.0 9.5 8.7 8.0 72 6.4 5.0 3.7 1.8 

7503-8 113 30 9.3 8.7 7.9 7.1 6.1 5.1 2.6 

40 8.5 7.8 7.0 6.1 4.5 2.9 1 5 

50 7.8 69 5.8 4.7 2.3 

60 6.7 5.8 3.9 2.0 

SHUT .OFF PSI: _8~- 77 69 60 52 4J J4 26_ 17 8 

0 9.9 9.5 8.9 8.4 7.8 7.3 6.7 6.0 5.0 4.0 

20 9.8 9.3 8.8 8.2 7.7 7.1 6.5 5.8 4.7 3.5 1.8 

7505-11 112 30 101 9.7 9.2 8.7 8.1 7.6 7.0 6.4 5.6 4.7 2.9 

40 96 9.2 88 81 7.5 69 6.2 5.6 4.3 30 1.5 

50 9.1 8.5 eo 74 6.8 6.2 5.3 4.3 2.2 

60 8.4 7.9 7.~ 6.8 6.0 5.3 3.8 2.3 

SHUT .OFF PSI: 122 113 105 96 87 79 70 61 53 44 35 27 18 10 

0 102 9.9 9.5 9.2 8.8 8.4 8.0 7.6 7.1 6.7 5.6 2.9 

20 110.1 9.8 9.4 90 8.6 8.2 7.8 7.4 7.0 6.5 61 54 3.6 

7507·15 3/4 30 :10.0 97 9.4 9.0 8.6 92 7.8 7.4 6.9 8.5 5.9 5.4 4.5 1.8 

40 l1o.o 9.7 9.3 8.9 8.5 8.1 7.7 7.3 6.9 8.4 59 52 4.5 32 1.0 

_§Q_ __!l.l! 9.6 9.2 89 ~~ 9.1 7.6 7.2 6.8 6.4 5.8 5.2 4.2 32 1.6 

~- ~ 9.2 8.8 8,4 8.0 7.6 7.2 6.7 62 5.7 4.9 4.2 28 14 

SHUT .OFF PSI: _!ZQ 101 153 144 135 127 1_1_8 1jQ_ _101 92 84 75 66 58 49 32 6 

0 10.1 9.8 9.6 9.3 9.0 8.7 8.4 9.0 7.4 6.4 4.8 

20 100 9.8 9.5 92 89 8.6 83 7.9 7.6 7.3 6.6 5.3 2.8 

7510-19 1 30 10.0 9.7 9.5 9.2 8.9 8.5 62 7.9 7.8 7.3 8.9 8.2 4.6 1.4 

40 l1o.o 9.7 9.4 9.1 8.8 9.5 8.2 7.8 7.5 72 6.9 8.5 5.6 3.7 

~51: 
50 110.2 9.9 9.7 9.4 9.1 e.e 8.4 8.1 7.8 7.5 72 6.8 6.5 6.0 5.0 2.4 

60 10 9.9 9.6 9.3 9.0 87 84 8.1 7.8 7.4 7.1 8.8 6.4 6.0 5.5 4.2 
211 1209 200 1192 183 174 166 157 148 140_ 131 123 114 105 97 79 53 27 

0 10.1 9.9 9.7 9.5 9.3 8.8 8.1 74 6.7 5.5 

20 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.3 7.6 8.9 8.1 44 

7515-26 1 1/2 30 100 98 9.6 9.4 9.2 9.0 8.7 8.5 80 7.3 6.6 5.7 3.7 

40 101 10.0 9.8 9.6 9.4 9.1 8.9 8.7 8.5 62 7.8 7.1 6.3 5.2 2.9 

50 10.1 9.9 9.7 98 9.3 9.1 8.9 8.7 8.4 82 8.0 7.5 6.8 5.9 47 1.9 

60 110.1 9.9 9.7 9.5 9.3 91 8.9 8.6 8.4 82 7.9 7.7 72 8.5 5.5 4.1 

SHUT..()ffl Sl: 1274 265 257 248 239 231 222 213 205 196 187 179 161 135 110 84 49 

0 0 10.6 10.5 10.4 10.4 10.3 101 9.6 9.1 84 7.3 5.7 

20 46.2 10.5 10.5 10.4 10.3 10.3 102 10.0 9.8 9.2 8.8 7.8 66 4.8 

7520-32 2 30 69.3 10.5 10.5 10.4 10.3 102 10.1 10.0 9.9 9.6 9.0 8.3 7.5 62 4.3 

40 92.4 10.5 10.5 10.4 10.3 10.2 10.1 10.0 9.9 9,7 _ __ 94 88 8.0 72 5.8 3.9 

50 116 10.5 10.4 10.3 10.2 10.1 10.0 9.8 9.7 9.5 9.1 8.5 7.7 6.8 5.4 3.3 

60 139 10.5 10.4 10,3 102 10.1 10.0 9.8 9.7 95 93 89 8.2 7.4 6.4 5.0 

SHUT .OFF PSI: 343 334 326 317 308 300 291 292 274 265 256 239 213 187 161 126 83 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

• 
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lOS EASY SELECTION CHART 

----------------------~· 
10GPM 

SELECTION CHARTS FLOW RANGE 

(Ratings are in ~'::AI I nN!': PER MINL'-r':-GPM) (5 TO 14 GPM) 
DEPTH TO PUMPING WATER LEVEL JFT) IN FEET 

PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 

20 114.0 13.2 112.4 10.6 8.9 5.3 

10503~ 1/3 30 113.2 11.8 1104 8.4 

40 111.9 10.1 8.3 

50 9.8 7.5 

60 7.7 3.9 

ISHUT·OFF PSI: 64 55 47 38 29 21 12 3 

0 14.1 13.4 12.4 11.4 10.4 9.5 

20 13.9 113.1 12.1 11.1 10.1 9.2 7.9 5.8 

10505-9 1/2 30 113.8 13.0 112.0 11.0 10.0 9.0 7.6 5.3 12 

40 112.8 11.8 110.8 9.8 8.8 7.3 4.8 

50 111, 10.7 9.7 8.6 7.0 4.3 

60 110.5 9.5 8.4 6.7 3.7 
.,,JT_ncc PSI: 100 92 83 74 66 57 48 40 31 

0 14.3 13.8 132 12.5 11.7 

20 114.2 13.6 12.9 12.2 11.5 10.7 10.0 

10507-12 314 30 14.1 113.5 12.9 12.1 11.4 10.6 9.9 92 
40 114.0 13.4 112.8 12.0 11.3 10.5 9.8 9.0 8.1 

50 113.3 12.6 111.9 11.1 10.4 9.7 a9 7.9 6.5 

60 112.5 11.8 111.0 10.3 9.6 8.8 7.7 82 3.8 

ISHUT-OFF PSI: 137 129 120 111 103 94 85 77 68 

0 14.1 13.6 .13.1 

20 13.9 13.5 12.9 12.3 11.7 

10510.15 1 30 113.9 13.4 .12.8 122 .11.6 11.0 

40 1142 113.8 113.3 12.7 12.1 11.5 10.9 10.4 

50 .14." 113.7 113.2 112.6 12.1 11.4 10.9 10,3 9.7 

60 .13.6 113.1 112.6 112.0 11.4 10.8 102 9.6 9.0 

ISHUT·OFF PSI 174 165 157 148 139 131 122 113 105 

0 14.2 

20 14.1 13.9 13.5 

10515-21 1 1/2 30 14.1 13.8 13.5 13.1 

40 114.1 13.6 13.4 13.0 12.6 

~ 114.0 13.7 13.3 113.0 12.5 12.1 

60 1142 ! 14.0 113.6 13.3 12.9 12.5 12.1 11.6 

ISHUT-OFF PSI 237 i 229 220 211 203 194 185 177 

0 

20 

10520.27 2 30 14.0 

40 1142 '14.0 113.8 

50 142 14.0 13.7 13.5 

60 14.1 13.9 113.7 13.4 13.1 

SHUT -OFF PSI 285 276 268 259 250 

0 

20 

10530.34 3 30 

40 

_50 

60 

""''T.ncc PSI: 

See 1 OS performance curves for higher head models. 
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

200 220 240 260 280 300 340 

8.3 6.8 3.5 

2.0 

23 14 5 

11.0 10.2 9.5 8.7 7.6 6.0 

9.3 8.4 7.2 5.4 2.6 

82 7.0 5.0 2.0 

8.7 47 1.4 

4.2 

59 51 42 33 25 16 

12.5 11.9 11.3 10.7 10.1 9.6 8.2 

11.1 10.5 10.0 9.4 8.7 7.9 5.2 

.10.5 9.9 9.3 8.6 7.7 6.6 2.6 

9.8 92 8.5 7.6 6.3 4.6 

9.1 8,3 7.4 6.1 4.3 1.7 

82 7.2 5.9 3.9 

96 87 79 70 61 53 35 

13.9 113.6 13.3 112.9 12.5 112.0 112 

13.1 12.7 12.3 11.9 11.5 111.0 102 

12.7 112.3 11.8 i 11.4 11.0 1 1o.5 9.7 

12.2 11.8 11.3 10.9 10.5 110.1 9.2 

11.7 11.3 10.8 10.4 10.0 9.6 8.7 

112 10.8 10.4 9.9 9.5 9.1 8.0 

168 159 151 142 133 125 107 

14.1 '13.9 13.7 113.4 12.8 

14.1 113.8 13.6 133 13.0 112.7 12.0 

13.8 113.5 13.3 12.9 . 12.6 ; 12.3 11.6 

13.5 1132 12.9 12.6 12.2 :11.9 112 

132 112.8 12.5 12.2 • 11.9 . 11.5 10.9 

12.8 112.5 12.1 11.8 11.5 11.1 10.5 

242 233 224 216 207 198 181 

.13.8 

13.9 '13.7 13.3 

13.9 13.7 135 13.1 

114.0 13.8 13.7 13.5 13.3 12.8 

14.0 I 13.8 13.6 13.4 132 13.0 12.6 

113.8 ! 13.6 113.4 13.2 13.0 12.8 12.3 

332 324 315 306 298 289 272 

400 460 520 

3.8 

10 

9.9 8.5 6.3 

8.9 6.9 2.9 

8.3 5.7 

7.5 4.1 

6.5 2.0 

5.1 

81 55 29 

11.8 10.8 9.8 

11.0 10.0 9.0 

110.6 9.7 8.6 

110.3 9.3 8.1 

9.9 8.9 7.4 

9.5 8.4 6.6 

155 129 103 

1132 12.5 11.9 

112.7 12.0 11.3 

I 12.4 11.7 11.0 

1122 11.5 10.8 

111.9 11.2 10.5 

'11.6 10.9 102 

246 220 194 

600 700 

8.3 4.7 

7.1 1,5 

62 

52 

3.8 

2.1 

68 25 

10.9 9.6 

10.3 8.9 

10.0 8.5 

9.7 8.0 

9.4 7.5 

9.0 6.9 

159 116 

800 

7.9 

6.7 

6.0 

5.1 

4.2 

3.1 

73 

PUMP OUTLET 

11/4"NPT 

900 1000 1100 

4.8 

2.7 

1.3 

29 

• 
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16S EASY SELECTION CHART 

·~----------------------
16GPM 

SELECTION CHARTS FLOW RANGE PUMP OUTLET 

(Ratings are in GALLONS PER MINL'..-":-GPM) (1 0 TO 20 GPM) 11/4" NPT 

DEPTH TO PUtv1~ WATER LEVEL (UFT) IN FEET 
PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 BOO 900 1000 1100 

20 120.3 118.2 14.1 110.0 5.0 

16505-5 1/2 30 117.3 114.4 8.0 1.6 

~ IE.7 8.0 . 4.0 

_5Q_ ~-5 
60 2.9 

SHUT-OFF ~SI: 58 49 40 32 23 14 

0 120.5 19.2 17.5 15.8 12.8 9.8 5.2 

20 20.1 118.8 1 16.9 15.2 11.8 as 4.3 

16507-8 3/4 30 121.2 I 19.9 18.4 116.9 14.3 111.8 7.5 3.2 1.6 

40 I 19.7 118.3 16_3 114.3 10.8 72 3.6 

50 117.9 I 16.3 13.5 110.7 6.2 1.7 

60 I 15.7 113.5 9.6 5.8 2.9 

'PSI: 97 88 80 71 62 54 45 36 28 19 10 

0 120.8 19.8 18.8 17.3 15.9 13.7 11.4 8.0 4.7 

20 120.5 : 19.4 18_3 16.8 15.3 12.9 10.5 7.0 3.5 1.8 

16510-10 1 30 20.3 I 19.3 I 18.1 16.8 14.8 12.8 9.8 6.7 3.3 

40 120.2 19.1 118.0 116.4 14.8 12.2 9.6 5.9 2.3 

50 120.0 I 19.o 17. I 16.3 114.2 12.0 8.8 5.6 2.8 

60 I 1a.a 117.6 15.8 I 14.1 I 11.3 8.6 4.8 

ISHUT-OFF ~SI: 123 115 106 97 89 80 71 63 54 45 37 28 19 11 

0 21-0 20.3 19.6 18.8 18.0 . 16.9 '15.8 I 14.3 10.7 3.3 

20 20.1 19.3 18.5 17.7 16.6 15.4 • 13.8 • 12.2 I 1o.o 5.1 

15-14 1 1/2 30 20.7 120.0 19.2 18.4 17.4 16.5 15.1 13.7 : 11-8 9.8 7.3 2.4 

40 120.6 19.8 19.1 18.3 17.4 16.0 15.0 13.3 11.6 9.3 7.0 4.3 

~ 204 119.8 18.9 18.2 17.2 16.1 14.7 13.2 11.2 _9.1 6.5 3.9 2.0 

60 120.3 19.6 118.8 . 18.0 17.1 15.8 14.5 12.8 11.0 8.6 6.3 3.4 

SHUT -OFF ~SI: 167 158 149 141 132 123 115 106 97 89 80 71 63 54 37 28 

_Q 212 20.6 20.0 I 19.5 118.9 182 16.7 113.5 8.8 2.7 

20 20.4 19.8 19.3 18.7 118.0 I 17.3 118.4 14.3 110.0 4.2 

16520-18 2 30 20.3 19.8 19.2 18.6 17.9 117.2 116.3 15.3 12.8 7.9 1.9 

40 20.3 19.7 19.1 18.5 17.8 17.1 118.1 15.2 113.9 11.1 5.7 

50 120.2 19.6 19.0 18.3 17.7 16.8 16.0 114.9 I 13.8 12.3 9.2 3.2 

60 20.1 119.5 18.9 1_8_3 17.5 16.8 15.8 14.8 13.5 12.3 '10.6 7.0 

SHUT-OFF >SI: 194 186 177 168 160 151 142 134 125 116 108 90 65 39 13 

0 19.6 118.3 16.5 14.2 9.8 2.1 

~ '20.3 '19.9 119.5 18.6 17.0 14.8 ,11.8 6.5 

16530-24 3 30 20.3 :19.8 : 19.4 19.0 18.0 116.3 13.7 . 10.4 4.7 

~ 20.2 19.8 i 19.3 i 18.9 I 18.4 17.3 115.3 12.5 8.9 2.8 

50 20.2 19.8 19.3 118.8 118.3 17.8 16.7 I 14.3 11.3 7.3 

60 20.1 19.7 19.2 18.8 I 18.3 I 17.8 117.2 15.8 113.3 9.8 5.5 

UIIT~=PSI: 239 230 221 213 204 195 187 169 143 117 91 57 13 

0 121.5 120.4 18.7 16.5 13.4 8.9 2.1 

20 120.9 19.6 17.7 15.2 11.5 6.1 
.,..,o:::n.'>D 5 30 21.4 120.5 19.2 17.2 14.5 10.5 4.5 

40 21.1 20.2 I 18.8 16.7 13.7 9.3 2.7 

50 121.6 20.7 19.8 18.4 16.1 12.8 8.0 0.8 

60 121.3 20.4 19.4 17.9 15.4 11.9 _6.6 

'PSI: 314 288 262 227 184 141 98 54 11 

See 16S performance curves for h1gher head models . 
• ECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
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25S EASY SELECTION CHART 

----------------------~· 
25GPM 

SELECTION CHARTS FLOW RANGE 

(Ratings are 1n GALLONS PER MINL'T"' GPM; (18 TO 32 GPM) 
DEPTH TO PIIMPII\It:; WATER LEVEL (LIFT) IN FEET 

PUMP 
MODEL HP PSI 20 40 60 80 100 120 140 160 180 

20 18,6 6.5 3.3 

25505-3 112 30 '10.5 

40 

50 

60 

p.;l: 31 22 13 5 

0 134.5 29.8 123.9 18.1 

20 ,32.9 28.6 121.8 151 7.5 

25507-5 314 30 :27.1 22.5 112.3 2.0 

40 19.5 11.8 5.8 

50 10.' 

60 4.1 

:.nu o-ur PSI: 57 48 39 31 22 13 

0 131.3 128.5 24.3 20.2 12.7 

20 332 130.3 27.6 122.9 18.3 10.4 2.5 1.3 

2551D-7 1 30 133.0 29.9 126.5 23.1 13.0 9.6 4.8 

40 !29.4 26.6 121.3 162 82 
50 !25.3 21.5 114 3 7.0 3.5 

60 :19.: 13.9 7.0 

p ~= 83 74 65 57 48 39 31 22 13 

0 1322 130.0 127.9 24.8 

20 31.5 129.3 1272 123.7 120.3 14.5 

25515-9 1 1/2 30 131.3 29.1 126.4 123.7 18.9 14.2 7.8 

40 30.8 128.6 26.3 122.6 18.8 12.8 6.8 3.4 

50 .30.6 28.4 125.5 22.5 117.4 12.3 6.2 

60 .27.8 25.5 121.3 172 11.0 4.8 2.4 

:.n.JT-uP' PSI: 109 100 91 83 74 65 57 48 39 

0 133.1 131.1 129.3 127.8 

20 132.5 130.6 128.8 127.0 124.3 

2552D-11 2 30 32.0 130.3 128.7 126.4 124.2 120.6 

~ 131.8 30.1 128.2 126.3 123.3 120.4 15.9 

50 31.5 129.8 28.1 125.7 123.3 19.4 15.6 10.4 

60 31.3 29.6 127.6 25.6 ! 22.4 19.3 14.5 9.8 4.9 

:.nu o-ur ·PSI: 135 126 118 109 100 92 83 74 66 

0 

20 131.8 130.6 

2553D-15 3 30 133.0 131.7 130.4 129.2 

40 132.8 131.5 130.3 129.0 127.5 

50 132.6 '31.3 130.0 128.7 127.4 125.7 

60 32.4 131.1 '29.8 128.6 127.0 125.5 123.3 

:.nu o-ur PSI: 170 161 152 144 135 126 118 

0 

20 

2555D-26 5 30 

40 

50 

60 

:.nu o-ur PSI: 

See 25S performance curves for higher head models. 
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

200 220 240 260 280 300 340 

5.1 

5 

121.6 16.3 10.8 

8.8 4.4 

1.5 

31 22 13 

125.1 22.5 18.5 14.5 9.3 

121.5 17.3 13.0 7.8 2.5 

16.9 12.0 7.0 3.5 

11.4 6.3 

5.3 2.7 

57 48 40 31 23 

32.3 31.0 129.8 284 27.1 25.2 20.7 

129.3 128.0 26.6 24.6 22.7 19.8 13.5 

127.8 26.2 124.5 22.1 19.7 16.4 9.3 

126.0 124.0 121.9 19.0 16.1 12.4 4.9 

123.8 121.3 18.8 15.3 12.0 8.2 2.2 

121.2 18.1 15.0 11.3 7.6 3.8 

109 100 92 83 74 66 48 

32.5 

32.3 30.8 

32.1 31.3 129.9 

132.0 31.3 30.5 129.1 

132.7 131.8 131.2 30.4 29.7 126.2 

132.5 131.8 131.0 130.3 29.6 28.8 127.3 

253 245 236 227 219 210 193 

PUMP OUTLET 

1 1/2" NPT 

400 460 520 600 700 BOO 900 1000 1100 

130.3 28.0 125.3 19.9 102 

128.6 25.9 122.5 15.8 5.0 

127.7 24.7 120.8 13.5 2.5 

126.7 23.3 118.9 11.0 

125.5 21.8 16.8 8.5 

12<!3 2Q.O 114.6 5.8 

167 141 115 80 37 

• 
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40S EASY SElECTION CHART 

·~----------------------40GPM 
SELECTION CHARTS FLOW RANGE 

(Ratings are rn GALLONS PER MINUTE-GPM) (24 TO 55 GPM) 
DEPTH TO PUMPING WATER LEVEL (LIFT 1 IN FEET 

;~~=L HP I PSI 20 40 60 80 100 120 140 160 180 

20 46: 330 
1 30 693 

4051()..3 40 92· 
50 116 
60 139 

SHUT-OFF I Sl: 0 28 19 2 
0 52.0 : 41.0 24. 

20 46: S7.0 150-1 137.0 18.0 
40515-5 1112 30 69 48.0 134.1 115.0 

40 92.· 31.0 
50 116 7.0 
60 139 

""" 1-u•• 0 52 44 35 26 18 9 

0 0 '54.0 49.0 400 29.0 15.0 

20 462 1530 460 37.0 250 100 

40520.7 2 30 693 520 I 4s.o 35.0 '23.0 80 

40 924 51.0 440 133.0 210 5.0 

50 116 42.0 320 18.0 2.0 

60 139 30.0 160 

SHUT-OFF PSI: 0 77 68 59 51 42 33 25 16 7 

0 0 530 47.0 41.0 

20 462 '51.0 45.0 38.0 29.0 19.0 

40S3o-9 3 30 693 500 44.0 370 28.0 17.0 

40 924 I 54 0 l5o.o 43.0 '35.0 26.0 15.0 

50 116 54.0 149.0 142.0 34.0 '24.0 13.0 

60 139 48.0 141.0 133.0 23.0 '11.0 
T-OFFI Sl: 0 102 94 85 76 68 59 50 42 33 

0 0 53.0 

20 462 52.0 480 430 

40550.12 5 30 69.3 51.0 47.0 42.0 360 

40 92 4 I 510 48.0 41.0 35.0 28.0 

50 116 154.0 50.0 '45.0 40.0 34.0 26.0 18.0 

60 139 153.0 149.0 450 : 39.0 33.0 25.0 170 8.0 
SHH-OFFI Sl: 0 130 122 104 96 8< 78 70 

a 0 
20 46: 51.0 

40550.15 5 30 69.3 51.0 48.0 
40 92· 51.0 470 43.0 
50 116 50.0 47. 43.0 380 
60 139 150.0 46.1 42.0 370 32.0 

SHUT-OFF: 51: 0 141 132 124 115 107 

u 
20 46: 

40575-21 7112 30 69 
40 92· 

-~ _116 

60 139 51.0 
S"" T·OFFI 51: a 18' 

0 0 
20 46: 

40575-25 7112 30 69 
40 92· 
50 116 
60 139 

SHU T-OFF I Sl: 0 
0 0 

'40510Q.30 20 46: 
...... OUU'"o>V 10 30 69: 

40 92· 

50 116 
60 139 

SHUT-OFF PSI: 

• 6" Motor 

•

e 408 performance curves for hrgher head models. 
ECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
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200 220 240 260 280 300 

320 22.0 

24 16 

49.0 44.0 390 32.0 250 16.0 

37.0 30,0 22.0 '130 

29.0 210 120 

20.0 11.0 

90 

61 s: 35 26 18 
,.,,u ••. u 46.0 42.0 37.0 

48.0 1450 40.0 350 300 24.0 
44.0 1400 35.0 29.0 23.0 160 
39.0 34.0 28.1 21. 140 
33.0 27.0 20.1 13.1 

26.0 190 12.1 

98 89 81 72 63 55 

53.0 51.0 48.0 
52.0 501 48.0 45.0 

52.0 _50,0 48.0 45.0 42.0 
520 50.0 470 440 41.0 38.0 
49.0 1 47.0 44.0 4 .. o 38.0 34.0 
172 16: 155 146 137 129 

54.0 
540 520 

53.0 52.0 500 
53.0 '51.0 49.0 47.0 

203 194 186 177 

PUMPOUlLET 
2"NPT 

340 400 460 520 600 700 BOO 900 1000 1100 

26.0 

37 

49.0 41. 29.1 150 

43.0 32.1 19.0 
39.0 27. 13.0 
350 22.0 6.0 
300 16.0 

250 100 
85 59 33 

51.0 45.0 370 2~0 

52.0 47.0 39.0 29.0 14.0 
50.0 44.0 35.0 25.0 
480 41. 320 21.0 
450 381 280 
430 34.0 24.0 

160 134 108 82 47 

53.0 49.0 4'1 0 27.0 
54.0 50.0 44. 350 20.0 
52.0 480 42.0 32.0 16.0 
51.0 460 39.0 281 12.0 

49.0 430 36.0 25.0 8.0 
52.0 47.0 41.0 33.0 21.0 

222 196 170 144 110 68 23 



60S EASY SELECTION CHART 

----------------------~· 60GPM 
SELECTION CHARTS FLOW RANGE PUMP OUTLET 

(Ratings are rn GALLONS PER MINUTE-GPM) (40 TO 75 GPM) 2" NPT 

DEPTH TO PIIMPINI" WAT:OR LEVEL (LIFT· IN FEET 

PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 340 400 460 520 600 700 800 900 1000 1100 

20 172.3 64.5 386 12.7 6.3 

60520-4 2 30 1586 44.9 22.4 

40 1304 

50 17.9 

60 

'PSI: 46_ 37 29 20 3 

0 74.8 166.8 158.8 1343 

20_ I n.8 •72.9 638 54.8 127.4 

60530-5 3 30 176.0 • 64.3 47.3 30.0 15.0 

40 160.4 • 49.9 25.0 

50 140.4 19.4 9.8 

60 122.0 

l""u -vr PSI: 60 51 42 34 25 16 8 

0 n.s 173.8 168.4 '63.1 52.2 41.3 

20 76.3 724 166.6 161.1 148.3 '35.8 17.9 

60550-7 5 30 :76.0 71.3 66.5 57.8 149.2 124.6 

40 175.1 • 71.0 646 58.2 143.8 129.4 14.8 

50 169.7 '64.6 54.8 44.9 122.5 

60 162.3 '55.3 38.7 22.0 11.0 

'PSI: 88 80 71 62 54 45 36 28 19 10 

0 174.8 171.7 67.3 63.0 55.6 482 328 17.3 

20 173.8 170.5 165.9 '61.3 53.0 44.8 27.5 10.2 5.1 

60550-9 5 30 76.5 173.5 169.6 1657 I s9.4 ! 53.2 40.7 28.1 140 

40 I 76.2 728 69.3 64.3 59.4 50.3 i 41.0 20.5 

50 75.5 '72.5 683 642 57.3 I so.4 136.3 i 22.2 11.1 

60 171.7 • 68.1 62.7 57.3 147.1 136.8 18.4 

I SHUT-OFF PSI: 115 . 106_ 98 89 81 72 63 55 46 37 29 20 11 3 

0 n.3 75.4 73.1 70.7 167.8 164.8 160.7 50.0 • 21.5 

20 178.8 I 74.8 72.3 69.9 66.8 63.8 59.3 55.0 147.9 28.9 

7112 30 176.6 174.3 :72.1 69.3 66.6 62.8 59.2 53.3 147.7 138.2 14.3 

*60575-13 40 176.2 174.1 171.6 I 69.1 65.8 62 7 57.9 533 145.6 137.9 125.0 6.0 

50 759 173.6 171.3 168.4 '656 61.7 57.7 51.6 45.4 35.0 124.7 12.3 

60 75.5 73.3 170.8 168.2 164.8 '61.4 58.3 51.3 431 348 120.8 6.8 

I SHUT-OFF PSI: 152 143 134 126 117 108 100 91 82 74 65 56 48 30 4 

0 76.5 175.0 ! 73.3 69.8 • 63.1 52.6 35.8 

20 76.1 74.6 72.8 171.2 ! 69.2 64.7 . 55.8 40.0 14.2 

*605100-18 10 30 75.9 74.3 72.7 70.8 168.9 :68.7 61.6 50.9 31.5 

40 75.7 74.1 72.3 70.6 68.5 168.5 163.9 58.0 45.0 20.7 

50 . 75.4 73.8 72.1 702 68.3 66.0 163.7 '60.7 53.6 37.5 100 

60 175.2 . 73.6 71.8 70.0 67.8 65.8 163.1 160~5 ·~~ 48.2 28.3 

I SHUT-OFF PSI: 186 1n 169 160 152 143 134 126 117 100 74 46 22 

• 6" Motor 
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

• 
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75S EASY SELECTION CHART 

~~----------------------
75GPM 

SELECTION CHARTS FLOW RANGE 

(RatlnQS are 1n GALLONS PER MINUTE-GPM) (45 TO 95 GPM) 

DEPTH TO PUMPINI ; WATER LEVEL _1FT) IN FEET 
PUMP 

MODEL HP PSI 20 40 60 80 100 120 140 _160 180 200 

20 l6s.6 1458 22.9 

75520-3 2 30 1362 

40 I 12.4 

50 

60 

SHllT.OFFPSI 32 23 14 6 

0 898 902 78.8 676 

20 196.3 868 74.8 629 31.5 

75530.5 3 30 I 85.8 742 518 295 148 

40 '702 57.1 286 

50 135.3 

60 124.2 

I SHUT -OFF PSI: 58 49 41 32 23 15 

0 933 665 796 I n.o I 64.s 

20 97.4 91.3 64.7 n5 69.4 ~61.3 [403 194 

755511-8 5 30 1969 901 933 76.3 169.3 56.3 ; 431 121.6 

40 1955 I 891 823 75.4 665 57 5 288 

50 1880 I 812 73.9 667 512 358 17.9 

60 1602 733 632 53.0 265 

I SHUT -OFF PSI 98 90 81 72 64 55 46 38 29 20 

0 I 978 1 93 3 888 

20 965 92.0 1 87.4 I 82.9 783 

'75575-11 71/2 30 957 913 668 I s2.2 Ins 73.1 

~PSI: 
40 952 906 1860 815 n.o 72.0 1670 

50 943 89.9 85.3 I BOB 76.2 I 71.6 I 65.3 I 59o 

60 197.9 1938 892 646 801 75.6 70.3 I 652 1 56.1 147.0 

151 142 133 125 116 107 99 _90 81 73 

0 

20 I 95.7 I 92.4 

'755100.15 10 30 I 95.3 191.8 I 68.4 

40 98.0 947 1 91.3 1 s7.8 I 64.4 

50 97.3 943 90.8 I 87.3 1839 80.5 

60 97.0 93.7 90.3 668 I 93.3 I BOO 7~6 

I sHUT-OFF PSI: 178 170 161 152 144 135 126 

* 6" Motor Performance is the same at Best Efficiency Point only, consult 
factory for actual performance 
SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE . 

• 
4-10 GRUNDFOS"~ 

220 240 260 280 300 

46.9 29.4 

98 

12 3 

643 798 75.1 704 -~ 
735 688 614 540 388 

67.3 61~ ~3 39_3 _19.7 
589 50.8 33.5 16.3 62 

466 I 34.2 17.1 

23.5 

64 55 47 36 ~ 
967 93.4 900 66.5 '832 
889 85.5 821 78.7 '752 
850 815 782 74 B ~ 
81.0 n.1 741 '706 '660 

n.1 73.7 697 '65.8 '59.8 

73.0 69.3 164.5 596 ~ 
118 109 100 92 83 

PUMP OUTLET 
2"NPT 

340 400 460 520 ~ _1l)Q_ I BOO 900 1000 1100 

~ 
11.8 

_12_ 

763 64.7 140.9 

674 49.3 I 12.s 

~ ~ 
54.0 199 

435 

_212 

66 40 14 



PERFORMANCE CURVES SGPM MODEL 55 

----------------------~· FLOW RANGE: 1.2 - 7 GPM OUTLET SIZE: 1" NPT NOMINAL DIA. 4" 

1400 
~ .. 5830-4808 (3 HP) 

i"'oo. 

1300 ..... 
"""' ..... 

~ 

' ""' 1200 f"''loo. 

""' ~ 
1--1-- 5820-3908 (2 HP) 

1100 -- "" - ' i"'oo. 
i"'oo. 

..... 
1000 ..... 

l"""''o. 
i""''olo 

........ 

900 - 1-- 5815-31 (1 112 HP) "' ' 1'-. - . - !Ill. 
!'""'Il .... ..... ..... 

800 
r=-w 

..... 
r-- r- 5815-26 (1 112 HP) 1 

....... 
r-- r-

.......... 
""' w '""T' .... ~ ...... 

u. 700 
0 
<{ 
w 
J: 

600 

-,.... ...... -- - 5810-22 (1 HP) i"'oo. 
...... - - ...... - - ' ..... ...... 

r- ..... 
- - 5807-18 (3/4 HP) ..... ..... ..... loo. 

500 - - - ....... 
...... -~ ..... ..... 

400 
- ---1 ' - __, 5805-13 (1h HP) ..... 
- - -

300 - - 5803-9 (1/a HP) 
r--- - ---- - --

200 1'\ 

OPERATING RANGE: 1.2 to 7GPM 
CAPACITIES BELOW 1 2 GPM 
ARE NOT AVAILABLE 

100 

0 
0 1 2 3 4 

CAPACITY (GPM) 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD, 3450 RPM. 

3450~ 
-
-

RPM -

1'-

' ~ 
1'-

'" 
" "" " " ' " ' ' " ' " ' •• " ' "'' " ' "" " ' ' ....... ~ " .... " ..... " ' !Ill. ' ....... ..... ' " !' ..... " ' ..... ~ 

...... "" " ' 
""""" """"' ' ....... ' ' ' ' ...... " I' 

""" ........ "'' ...... 
" ' ' 

"""' 
l"''t. 

' ..... ' ..... ""' " r-... " "''Il 

"""" ' ' r-- ..... 
"' -~ ...... ...... ...... ..... ....... 

r""oo ..... 
I"""" 

r-... 

5 6 7 

• Performance conforms to ISO 9906. 1999 (E) Annex A 
Minimum submergance IS 2 feet. 

C:::RUNDFOS"~ 4-11 



MODELSS SGPM TECHNICAL DATA 

·~----------------------
DIMENSIONS AND WEIGHTS 

MOTOR DISCH. DIMENSIONS IN INCHES 

MODEL NO. FIG. HP SIZE 

5S03-9 A 1/3 4" 
5S05-13 A 1/2 4" 
5S07-18 A 3/4 4" 
5S10-22 A 1 4" 
5S15-26 A 1 1/2 4" 
5S15-31 A 1 1/2 4" 
5S20-39DS A 2 4" 
5S30-48DS A 3 4" 

NOTES: All models suitable for use in 4" wells. 
Weights include pump end with motor in lbs 

SIZE 

1" NPT 
1" NPT 
1" NPT 
1" NPT 
1" NPT 
1" NPT 
1" NPT 
1" NPT 

MATERIALS OF CONSTRUCTION 

NOTES· Specifications subject to change without notice. 
Valox® is a registered trademark of General Electnc Co. 

A B 

22.3 8.8 
26.4 9.5 
31.7 10.7 
36.1 11.8 
41.2 13.6 
47.1 13.6 
55.2 15.1 
70.0 20.6 

Vectra® is a registered trademark of Hoechast Calanese Corporation. 
Ryton® is a registered trademark of Phillips 66 . 

• 
4-12 CRUNDFOS'~ 

c D 

13.5 3.8 
16.9 3.8 
21.0 3.8 
24.3 3.8 
27.6 3.8 
33.5 3.8 
40.1 3.8 
45.8 3.8 

APPRO X. 

E SHIP WT. 

3.9 27 
3.9 31 
3.9 34 
3.9 42 
3.9 46 
3.9 58 
3.9 65 c 
3.9 90 

I I A 

r 
B 

1 
D 

Fig. A 



PERFORMANCE CURVES 7GPM MODEL 75 

FLOW RANGE: 3 -10 GPM OUTLET SIZE: 1" NPT NOMINAL DIA. 4.-

900 

800 

700 

600 

i=' 500 
w 
w 
u. -0 
<( 

~ 400 

300 

200 

100 

--

- . 

f-+-

""" 

---. 

--

1--- -

7520-32 (2 H P) 
I"' • .. .. 

.... 
.... 

......... 

' 
___, 7515-26 (1 1h HP) ' "' -1- 1- • ""I• ' 1-.. "" ~too. ~ 

.... ~ 

r.... 

' I' 
~ 

H 7510-19 (1HP) I 

' ~ - "" "" I"' • io ... 

""'too. 
........ 

......... 
---17507-15 (3/4 HP) ......... 
. - ~ . .. - ... ,....._ 

...... """ """""' ....... .... ....... 
---17505-11 (1f2 HP) 

......... 
........ 

"" 
.. 

.......... 
7503-8 (1/a HP) 

1"-1'- .... H I""' I'"" I-. ... 1- ... 
r- .... ~ :- ... 

OPERATING RANGE: 3 to 1 0 GPM t- ~-. .... 
CAPACITIES BELOW 3 GPM 
SEE MODEL 55 

0 
0 1 2 3 4 5 6 

CAPACITY (GPM) 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD, 3450 RPM. 

I I 
3450 -
RPM -

1\. 
I\. 

1\ 

' i" 
" 

' I" 
'" ' ' ' ' ' • ~ ' "' \ 

........... ~ \ 

' \ \. 

"' ' ' ' ' ' .... ..... ' ' \ 
.... 

"" ' ~ ' ' ~ ' I' 
....~ ~ I' 

.....r-. ' "' r-. ~ I' .... 
""" """-

!"" ..... ....._, 
.... ~-. ..... ........ ' r-o. .... ~""~, 

......... 
1""1 .... 

7 8 9 10 

• Performance conforms to ISO 9906. 1999 (E) Annex A 
Minimum submergance is 2 feet. 
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MODEL7S 

.DIMENSIONS AND WEIGHTS 
MOTOR 

MODEL NO. FIG. HP SIZE 

7803-8 A 1/3 4" 
7805-11 A 1/2 4" 
7807-15 A 3/4 4" 
7810-19 A 1 4" 
7815-26 A 1 1/2 4" 
7820-32 A 2 4" 

NOTES: All models suitable for use in 4"" wells. 
Weights include pump end w1th motor in lbs. 

DISCH. 

SIZE 

1" NPT 
1" NPT 
1" NPT 
1" NPT 
1" NPT 
1" NPT 

MATERIALS OF CONSTRUCTION 

NOTES. Specifications subject to change without notice. 
Valox® is a registered trademark of General Electric Co . 

• 
4-14 GRUNDFOS"~ 

A 

21.5 
24.7 
29.2 
33.6 
41.2 
48.5 

7GPM TECHNICAL DATA 

DIMENSIONS IN INCHES APPRO X. 

B c D E SHIPWT. 

8.8 12.7 3.8 3.9 27 
9.5 15.2 3.8 3.9 30 
10.7 18.5 3.8 3.9 33 
11.8 21.8 3.8 3.9 36 
13.6 27.6 3.8 3.9 46 
14.0 34.5 3.8 3.9 59 

I I A 

r 
B 

1 
D 

Fig. A 



PERFORMANCE CURVES 10GPM MODEL 105 

FLOW RANGE: 5-14 GPM OUTLET SIZE: 11/4 II NPT NOMINAL DIA. 4--

1800 
;;;::= :;j10S50-58DS (5 HP) I 

I 3450 
1700 OPERATING RANGE: 5 to 14GPM RPM E CAPACITIES BELOW 5 GPM 

SEE MODEL 7S 

1600 .... 
l"''llo.. 

1500 
- 10S50-48DS (5 HP) -

1400 

1300 
.... ..... 

1200 
...... 

1100 
- 10S30-34 (3 HP) 

f=' 1000 
w 
w 
L1.. 900 -0 
<( 
w 800 I 

------ 1 OS20-27 (2 HP) 

700 ...... -
600 - 10S15-21 (1 112 HP) 

- -- -
500 --

- 10S10-15 (1HP) 

400 - !"- - 1-____, 
10S07-12 (3/4 HP) -____, 

- ~---300 -- 10S05-9 (112 HP) -- - 1-o 1- I, -200 - 10S03-6 (113 HP) - -
100 

0 
0 2 4 6 8 

CAPACITY (GPM) 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD, 3450 RPM. 

' 

' 

' 

' ' ' • " ' 

' ' ....._ 

" ' ' ' 
....._ 

.~ .~ ..... ' ' ' --- l"''llo.. -- ' -- -
---.... - """ ' - - ....... --

~ -
10 12 14 

• Performance conforms to ISO 9906. 1999 (E) Annex A 
M1n1mum submergance IS 2 feet. 
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MODEl lOS 10GPM TECHNICAL DATA 

~~----------------------
DIMENSIONS AND WEIGHTS 

MOTOR DISCH. DIMENSIONS IN INCHES 

MODEL NO. AG. HP SIZE SIZE A B 
10803-6 A 1/3 4" 1 1/4" NP 19.9 8.8 

10805-9 A 1/2 4" 1 1/4" NP 23.0 9.5 
10807-12 A 3/4 4" 1 1/4" NP 26.7 10.7 

10810-15 A 1 4" 1 1/4" NPl 30.3 11.8 
10815-21 A 1 1/2 4" 1 1/4" NPl 37.1 13.6 

10820-27 A 2 4" 1 1/4" NP 43.5 15.1 
10830-34 A 3 4" 1 1/4" NP 54.7 20.6 
10850-4808 A 5 4" 1 1/4" NP 71.3 23.6 

1 0850-5808* 8 5 4" 1/4" MP 88.2 23.6 

NOTES: All models suitable for use in 4" wells, unless otherwise noted. 
Weights include pump end w1th motor in lbs. 
• Built into sleeve 1'/4' MPT discharge, 5" min well d1a 

MATERIALS OF CONSTRUCTION 

NOTES: Spec1f1catlons subject to change without notice. 
Valox® IS a registered trademark of General Electric Co. 
Vectra® is a registered trademark of Hoechast Calanese Corporation 
Ryton® IS a registered trademark of Phillips 66. 
• Stainless Steel option available . 

• 
4-16 CRUNDFos·~ 

c D 

11.1 3.8 

13.5 3.8 
16.0 3.8 

18.5 3.8 
23.5 3.8 

28.4 3.8 
34.1 3.8 
47.7 3.8 

64.5 3.8 

APPROX. 

E SHIPWT. 

3.9 26 

3.9 29 
3.9 32 

3.9 34 
3.9 44 
3.9 49 
3.9 83 
3.9 115 A C 

4.3 142 

Fig. A 

Fig. B 



PERFORMANCE CURVES 16GPM MODEL 165 

FLOW RANGE: 10 ~20 GPM OUTLET SIZE: 11J4 II NPT NOMINAL DIA. 4--

2300 

2200 

2100 

2000 

1900 

1800 

1700 

1600 

1500 

1400 

1300 
;::-
ttl 1200 
L1.. 

Q 1100 
<( 
w 
:::c 1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 
0 2 4 6 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD, .5 ·5 HP/3450 RPM. 
6" MOTOR STANDAR0,7.5 ·10HP/3450 RPM. 

8 10 

OPERATING RANGE: 10 to 20 GPM 
CAPACITIES BELOW 10 GPM 
SEE MODEL 1 OS 

12 14 16 

• 

18 20 

CAPACITY (GPM) • Performance conforms to ISO 9906. 1999 (E) Annex A 
Minimum submergance is 2 feet 

GRUNDFOS*~ 4-17 



MODEL 165 16GPM TECHNICAL DATA 

~~----------------------
DIMENSIONS AND WEIGHTS 

MOTOR DISCH. DIMENSIONS IN INCHES 
MODEL NO. FIG. HP SIZE SIZE A B 

16805-5 A 1/2 4" 1 1/4" NP 19.7 9.5 
16S07-8 A 3/4 4" 1 1/4" NP 23.4 10.7 
16S10-10 A 1 4" 1 1/4" NP 26.2 11.8 

16815-14 A 1 1/2 4" 1 1/4" NP 32.8 15.1 

16S20-18 A 2 4" 1 1/4" NP 36.0 15.1 
16830-24 A 3 4" 1 1/4" NP 46.5 20.6 
16S50-38 A 5 4" 1 1/4" NP 61.1 23.6 
16S75-56DS* B 7 1/2 6" 1 1/4" MP 93.0 24.2 
16S 1 00-75DS* B 10 6" 1 1/4" MP 109.9 25.4 

NOTES· All models SUitable for use in 4" wells, unless otherw1se noted 
We1ghts include pump end with motor 1n lbs .. 
• Built 1nto sleeve 1 '/•" MPT d1scharge, 6" min. well dia. 

MATERIALS OF CONSTRUCTION 

NOTES· Specifications are subject to change without notice. 
Valox® is a registered trademark of General Electric Co. 
Vectra® is a registered trademark of Hoechast Calanese Corporation. 
Ryton® is a registered trademark of Phillips 66. 
*Stainless Steel option available. 

c D 
10.2 3.8 
12.7 3.8 
14.4 3.8 

17.7 3.8 

20.9 3.8 

25.9 3.8 

37.5 3.8 
68.8 5.4 
84.5 5.4 

•• If using 4" non-standard motors, refer to 329/420/431 Stamless Steel for coupling. 
A coupling key IS not required . 

• 
4-18 CRUNDFOs·~ 

APPROX. 
E SHIPWT. 

3.9 27 
3.9 29 
3.9 32 

3.9 36 
3.9 40 
3.9 64 
3.9 94 

A C 
4.6 220 
4.6 245 

Fig. A 

Fig.B 



PERFORMANCE CURVES 25GPM MODEL25S 

FLOW RANGE: 18 -32 GPM 

1600 
OUTLET SIZE: 1112 II NPT NOMINAL DIA. 4. 

- 258100-5208 {10 HP) ... ... 
1500 -

-
1400 --
1300 

1200 - 25875-3908 {71h HP 

- - -
1100 

::E£ 
1000 

900 -f-w 
w 

800 u. - 25850-26 5HP 

D 
<( 
w 700 I 

- - - _, .. -
600 

500 - 25830-15 3HP 
- - - - - _.., 

400 -
- 25820-11 2 HP) --- ........ 

300 -~ -- 25815-9 (1 1h HP) --- 25810-7 (1 HP) -r- ~ -
200 -- 25807-5 (3/4 HP --100 

r- -- 25805-3 (1f2 H P --
0 

0 5 10 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD, .5-5 HP/3450 RPM. 
6" MOTOR STANDARD,7.5 -10HP/3450 RPM. 

... 
~ 

, 
l"'o. 

1 ... .... ... ... .. 
l""'o. 

- .... -

- _, -
-"""" ---

- -- 1-

15 

CAPACITY (GPM) 

3450 r-r-
RPM r-~ 

OPERATING RANGE: 18 to 32 GPM 
CAPACITIES BELOW 18 GPM 
SEE MODEL 16S 

l"'o. 

"" ' 
' """' 

1'-

' 
' 

' " ..... ' 
...... I'\. 

' 1"'111. " ..... 
..... "" ' ' ~ • ' l"'o. 

' ..... 
""""' " ~ -

"""" -....... -
...... -.... -- ..... - ---- ~ .... - -

20 25 30 

• Performance conforms to ISO 9906. 1999 (E) Annex A 
Minimum submergance is 2 feet. 
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~· 

MODEL 255 25GPM 

~IMENSIONS AND WEIGHTS 
MOTOR DISCH. DIMENSIONS IN INCHES 

MODEL NO. FIG. HP SIZE SIZE A B 
25505-3 A 1/2 4" 1 1/2" NP 18.1 9.5 
25507-5 A 314 4" 1 1/2" NP 20.9 10.7 
25510-7 A 1 4" 1 1/2" NP 23.7 11.8 
25515-9 A 1 1/2 4" 1 1/2" NP 27.1 13.6 
25520-11 A 2 4" 1 1/2" NP 30.3 15.1 
25530-15 A 3 4" 1 1/2" NPl 39.1 20.6 
25850-26 A 5 4" 1 1/2" NPl 51.2 23.6 
25875-3908 A 7 1/2 6" 1 1/2" NPl 66.8 24.2 
2551 00-5205* B 10 6" 1 1/2" MP 90.9 25.4 

NOTES All models suitable for use 1n 4" wells, unless otherwise noted. 
Weights include pump end w1th motor in lbs. 
* Builtmto sleeve 1'/2' MPT discharge, 6" mm. well dia. 

MATERIALS OF CONSTRUCTION 

NOTES: Specifications are subject to change without notice. 
Valox® is a registered trademark of General Electric Co. 
Vectra® is a registered trademark of Hoechast Catanese Corporation. 
Ryton® IS a registered trademark of Phillips 66. 
*Stainless Steel option available. 

c D 

8.6 3.8 

10.2 3.8 
11.9 3.8 
13.5 3.8 
15.2 3.8 
18.5 3.8 
27.6 3.8 
42.6 5.4 
65.5 5.4 

~· If using 4" non-standard motors, refer to 329/420/431 Stainless Steel for coupling. 
A coupling key is not required . 

• 
4-20 GRUNDFOS'~ 

TECHNICAL DATA 

APPROX. 

E SHIPWT. 

3.9 26 
3.9 28 
3.9 29 
3.9 34 
3.9 37 
3.9 59 
3.9 76 A C 

4.6 168 
5.4 226 

Fig. A 

Fig. B 



PERFORMANCE CURVES 40GPM MODEL40S 

FLOW RANGE: 24 - 55 GPM OUTLET SIZE: 2 II NPT NOMINAL DIA. 4. 

i=' 
LlJ 
LlJ 
LL. -0 
<( 
UJ 
I 

1900 E~B ... 8.1~0-~~~~-~]+i-t.i+±--± .. t.r.fT .. ff.+t---FFrt· ___ a_a __ B.~3f~j_j __ 3]J_h~~±'-± .. ±ff.~_rL_f_f_+f. .. FRR.B.3 ... r33~4~5~0~tt33--r- kP ~<o.'O.~- f- - - - -- - I I~ 1800 

1700 

1600 

1500 

1400 

1300 

1200 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

0 
0 

· '66 ' ' RPM ~ . . Ost:.~ , , 
<o J.if, 

~~ 40S7s$ 7 
, %Hp .. 

r---e::--_::-'1 -- r- -- - ~r-- -r-· ....;----

~OSS0-15 5 HP) +-
I I 

~OSS0-,12 (tij~~~ rt· -
' 

40830-9 3 HP 

=l40S20~7 2 HP~ .._ 
' 

]40815-5 1112 HPJ 1±-
~40810-3 (1 HP) ·: 

5 10 15 

OPERATING RANGE: 24 to 55 GPM 
CAPACITIES BELOW 24 GPM 
SEE MODEL 25S 

--------1-

:-o., ----- -1~ 

'"""' """ I 

- :-.. ...!.., --t--t-+-++-1--t---1-H 

- --; -- -- -r-- +-

I I 

___j - -- +- -- --------~ ....... 

I 

r.-, +--- -- ~
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I 

------ --~-

-t ' 

- -- - ...... ---i- -· 

1""1 

- -+-

--+- ... - f-f-- --~~ i--· l"oo.' 

' I I"" 

~ 
I"" 

' 
I 

I -I 

I I"" 

1 

--1--- I ' 

' 

20 25 30 35 40 45 50 55 
CAPACITY (GPM) 

• 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD, 1-10 HP/3450 RPM. 

Performance conforms to ISO 9906. 1999 (E) Annex. 
M1mmum submergance is 5 feet. 

6" MOTOR STANDARD,15-20 HP/3450 RPM. 
• Also available with 6" motor. 
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MODEL40S 40GPM 

~IMENSIONS AND WEIGHTS 
MOTOR DISCH. DIMENSIONS IN INCHES 

MODEL NO. FIG. HP SIZE SIZE A B 

40810-3 A 1 4" 2"NPT 24.6 11.8 
40815-5 A 1 1/2 4" 2"NPT 29.7 13.6 
40820-7 A 2 4" 2"NPT 34.5 15.1 
40830-9 A 3 4" 2"NPT 43.3 20.6 
40850-12 A 5 4" 2"NPT 51.3 23.6 
40850-15 A 5 4" 2" NPT 56.2 23.6 
40875-21* A 7 1/2 4" 2" NPT 74.6 29.6 
40875-25* A 7 1/2 4" 2" NPT 81.2 29.6 
408100-30* A 10 4" 2"NPT 103.7 43.9 
408150-3708 A 15 6" 2" NPT 99.5 28.0 
408150-4408 A 15 6" 2" NPT 111.0 28.0 
408200-5008** B 20 6" 2" MPT 136.0 30.6 
408200-5808** B 20 6" 2" MPT 149.2 30.6 
408200-6608** B 20 6" 2" MPT 162.4 30.6 

NOTES: All models SUitable for use rn 4"' wells, unless otherwise noted. 
We1ghts include pump end w1th motor in lbs. 
• Also available w1th 6'" motor. 
•• Built 1nto sleeve 2" MPT d1scharge, 6" m1n. well dia. 

MATERIALS OF CONSTRUCTION 

NOTES: Specifications are subject to change Without not1ce. 
Vectra® is a registered trademark of Hoechast Calanese Corporation. 
*Stainless Steel option available . 

• 
4-22 CRUNDFOS' ~ 

c D 

12.8 3.8 
16.1 3.8 

19.4 3.8 
22.7 3.8 
27.7 3.8 
32.6 3.8 
45.0 3.8 
51.6 3.8 
59.8 3.8 
71.5 5.4 
83.0 5.4 
105.4 5.4 
118.6 5.4 
131.8 5.4 

TECHNICAL DATA 

APPRO X. 

E SHIPWT. 

3.9 32 
3.9 37 
3.9 41 
3.9 65 
3.9 78 
3.9 84 
3.9 120 
3.9 124 

3.9 181 
5.4 244 
5.4 340 
5.5 319 
5.5 334 
5.5 394 

Fig. A 

A C 

Fig.B 



PERFORMANCE CURVES 60GPM MODEL 60S 

FLOW RANGE: 40 -75 GPM OUTLET SIZE: 2 II NPT NOMINAL DIA. 4.- . 
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I 

134501 -
RPM OPERATING RANGE: 40 to 75 GPM 

CAPACITIES BELOW 40 GPM 
SEE MODEL 40S 
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CAPACITY (GPM) • SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD, 3450 RPM. 
• Also available with 6" motor. 

Performance conforms to ISO 9906. 1999 (E) Annex A 
M1mmum submergance is 5 feet. 
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MODEL 605 60GPM 

• DIMENSIONS AND WEIGHTS 
MOTOR DISCH. DIMENSIONS IN INCHES 

MODEL NO. FIG. HP SIZE SIZE A B 

60820-4 A 2 4" 2" NPT 32.6 15.1 

60830-5 A 3 4" 2" NPT 40.7 20.6 

60850-7 A 5 4" 2" NPT 48.8 23.6 

60850-9 A 5 4" 2" NPT 53.9 23.6 

60875-13* A 7 1/2 4" 2" NPT 70.1 29.6 

60S 100-18* A 10 4" 2" NPT 97.3 43.9 

NOTES· All models suitable for use in 4" wells, unless otherwise noted. 
Weights include pump end with motor in lbs . 
' Also ava1lable with 6" motor. 

MATERIALS OF CONSTRUCTION 

NOTES: Specificalions are subject to change without not1ce 
Vectra® is a registered trademark of Hoechast Calanese Corporat1on . 

• 
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17.5 3.8 3.9 

20.1 3.8 3.9 

25.2 3.8 3.9 
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PERFORMANCE CURVES 75GPM MODEl75S 

FLOW RANGE: 45 - 95 GPM OUTLET SIZE: 2" NPT NOMINAL DIA.: 4'. 
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SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 
4" MOTOR STANDARD,2-10 Hp 3450 RPM. 
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OPERATING RANGE: 45 to 95 GPM 
CAPACITIES BELOW 45GPM 
SEE MODEL 60S 
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CAPACITY (GPM) 

Performance conforms to ISO 9906. 1999 (E) Annex. 
Minimum submergance is 5 feet. 

• Also available with 6" motor, performance IS the same only at Best Effeciency point. 
Consult factory for actual performance. 
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MODEL75S 75GPM 

---IMENSIONS AND WEIGHTS 
MOTOR DISCH. DIMENSIONS IN INCHES 

MODEL NO. FIG. HP SIZE SIZE A B 

75820-3 A 2 4" 2" NPT 30.0 15.1 
75830-5 A 3 4" 2" NPT 40.7 20.6 
75850-8 A 5 4" 2" NPT 51.4 23.6 

75875-12* A 7 1/2 4" 2" NPT 67.5 29.6 

7581 00-16* A 10 4" 2" NPT 92.1 43.9 

NOTES: All models suitable for use m 4" wells, unless otherw1se noted. 
Weights include pump end w1th motor in lbs. 

c D 

14.9 3.8 
20.1 3.8 
27.8 3.8 

37.9 3.8 

48.2 3.8 

E 

3.9 
3.9 
3.9 

3.9 

3.9 

• Also available with 6" motor, performance is the same only at Best Eff1ciency pomt. Consult factory for 
actual performance. 

MATERIALS OF CONSTRUCTION 

NOTES: Specifications are subject to change without notice. 
Vectra® IS a registered trademark of Hoechast Calanese Corporation . 
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GRUNDFOS Control Box 
SA-SPMS 

@ Installation and operating instructions 

• 

• 

• 



• 

• 

• 1 

1. Safety Precautions: 

CAUTION: To reduce the risk of electric shock, disconnect power 
before servicing unit. Failure to properly disconnect power could 
result in fire, serious injury, or death. 

2. Installation Instructions: 

Verification of the electrical supply should be made to ensure the 
voltage;phase·and frequency of the control box match that of the 
motor. 

Terminate properly sized (AWG gauge) motor and service leads per the 
diagram below. 

Single-Phase 3-Wire Control Box for Submersible Motors 

Control 
Box 

Pressure Switch 

Yellow 
Red Black 

Fused 
Disconnect 
Switch 

Use dotted line for 
115V operation 

Before making the final surface wiring connection of the drop cable to 
the control box or panel, check the insulation resistance. 

CRUNDFOS'~ 



SA-SPMS CONTROL BOX INSTRUCTIONS 

The SA-SPMS Grundfos Submersible Pump Control Box shall be installed 
per local State, and Federal codes in accordance with NFPA 
requirements. See http://www.nfpa.org/Codes/index.asp. 

3. Operation and Maintenance 

The SA-SPMS Grundfos Submersible Pump Control Box is intended for 
use with single phase 3-wire submersible motors as a start control 
device only. Verify the intended submersible pump, motor and control 
box are the same horsepower, and voltage. 

Service and installation should be performed by an authorized service 
representative. 

4. Grounding Instructions 

WARNING: The control box panel shall be permanently grounded 
in accorance with National Electrical Code and local codes 
regulations. The ground wire should be a conductor at least the 
same size {AWG guage) as the drop cable wire size. The ground 
wire should be run as short a distance as possible and be securely 
fastened to a true grounding point. 

GRUNDFOS"~ 
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U.S.A. 
Grundfos Pumps Corporation 
17100 W. 118th Terrace 
Olathe. KS 66061 
Telephone (913) 227-3400 
Fax (913) 221-3500 

Canada 
Grundfos Canada Inc 
2941 Bnghton Road 
Oakville. Ontano l6H 6C9. Canada 
Telephone· (905) 829-9533 
Fax (905) 829-9512 

Mexico 
Bombas Grundfos de Mex1co, SA de CV 
Boulevard TLC #15 
Parque lndustnal Stiva Aeropuerto 
C.P 66600 Apodaca, N L MeXICO 
Telephone 011-52-81-8144-4000 
Fax. 011-52-81-8144-4010 



Control Box 
(for single phase pump) 
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Most Common Problem Situations 

-.or Motor Cooling' 
A submersible pump motor is cooled by the flow of water past its outer housing as the pump is 
pumping. The water must flow past the motor at a certain velocity for proper cooling to take place, and 
the minimum velocity needed is different for each diameter motor. 

MINIMUM VELOCITY OF WATER PAST MOTOR• 

4" diameter motor 000000000000000 .25 feet per second 
6" diameter motor 000000000000000 .5 feet per second 
8" diameter motor oooooooooooooo· .5 feet per second 
10" diameter motor 000000000000 .5 feet per second 

To determine whether water is flowing past the motor at a high enough velocity, note where the motor 
diameter and outside sleeve or casing diameter intersect on the following chart. The Gallons Per 
Minute scale indicates the minimum flow required to keep the motor properly cooled. 

• 
FLOW INDUCER SLEEVE 

(internal diameter in inches) 

4 inches .................... 00. 

5 ............ 0000000000000000000000000 

6 ............................ 000000000 

7 .................................... . 
8oooooooooooooooooooooooo00oooooo00000 

10 OOooooooooooOOOOOOOOOOOOOOOOOOOOOO 

12 ................................ .. 
14 ................................ .. 
16 OOooOOooooooooOOOOOOOOOOOOOOOOOOOO 

18 ................................ .. 

1.2 GPM 
7 

13 
21 
30 

10 
28 
45 

85 
140 
198 
275 

Insufficient cooling can sometimes result when: 

10 

55 
110 
180 
255 

30 
85 

145 
220 
305 

.........._ (1) The screen is located above or at the pump, so that the 

.........-- water cascades down into the pump's suction intake 
without first flowing past the motor. 

(2) The casing diameter is so large that the water is drawn 
into the pump's suction intake from the side without 
first flowing past the motor. 

These problems can be solved by fitting the pump and motor 
into a Flow Inducer Sleeve. This sleeve attaches to the pump and 
forces water to pass around it and enter the pump's 
suction intake from below the motor. 

If the diameter of the well's casing is too small for a -+ 
sleeve inducer, a rigid tube (usually 114" inside diameter) 
can be tapped into the discharge piping above the pump (but 
below any check valves) with the other end positioned below the 
motor and pointing upwards . 

• 
ascading water from screen 
does not flow past motor 

*Grundfos motors have a more effective internal cooling design; 
therefore, a cooling sleeve is not required in water up to 30• C 
(86• F). However, all motors will have a longer life with a cooling 
sleeve installed. 

2 GRUNDFos·~ 

Correct screen position 
for proper cooling 

MINIMUM 
FLOW 
(GPM} 

(to ensure proper 
motor cooling) 

~ 1 

JJ\\ 
Flow Inducer Sleeve forces 

water past motor 



Most Common Problem Situations 

Pumping Sand • All submersible water pumps are designed with the idea they will be used to pump clean, clear water. Some design changes can be 
made to enable them to better handle situations that don't meet this ideal, but only to a limited degree. 

No situation shortens the life of submersible pump more than pumping silt or SAND. 

Effect On Pump 

SAND works its way into all 
moving parts of the pump, 
grinding bearings, impellers, 
and all other components as 
they spin against each other. 

Well· 
Casmg 

Will Be First Noticed By ... 

Reduced flow (GPM) and head, since 
the perfect fit of the impellers and 
other components will be slowly 
worn away and the pump will 
become less and less efficient. 

Shaft 

Split Cone Nut 

Impeller 

At some point, the pump's 
performance will become so poor it 
becomes quite apparent that 
something is seriously wrong. 

If the pump is pulled out of the well 
and the impellers and other moving 
components are examined, uniform 
wear (not random pitting, which 
might indicate that pump may have 
been cavitating) can be seen on 
virtually every moving part. 

Design Changes To Deal With The Problem 

There is no way to eliminate all pump damage due to 
pumping sand. The effects can only be minimized. 

Since sand tends to be carried along with flow rates 
greater than S-8 feet per second (water velocity), an 
enlarged drop pipe can reduce the water velocity and 
thereby reduce the chance sand can enter the pump. 
Of course, if the water velocity drops below the chart 
on the previous page, motor cooling may become a 
problem. 

• 

• 
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Most Common Problem Situations 

-.pthrust Condition 
Pumps are designed with the expectation that the correct size 
pump will be used in the right situation. An 80 gallon per 
minute pump which can produce about 600 feet of head (at the 
same time it dehvers 80 GPM) is designed so that if it is used in 
this situation, the pump will operate at its best efficiency and 
all its components will have a long life. The perfomance curve 
to the right shows the most efficient operating range for this 
type of pump. 

!oPERATING ouTSIDE THE RANGE I 

If the pump is not operated within this range, problems can 
occur. 

One such problem can occur when a pump is installed and run 
in a situation in which it will produce far GREATER flow (GPM) 
than it was designed for. In other words, the pump is oversized 
for what is really needed. When such a pump is started, the 
initial thrust (upward water surge) generated by the spinning 
impellers is so much GREATER than the downward thrust it is 
expecting to overcome (such as the force of the different water 
pressure, the weight of the impellers and shaft, etc.), that the 

20 40 50 60 80 

FLOW 
Galton~ F.!r Mmute (GPM) 

100 110 

Performance 
Curve for 

855200·14 

entire stack of impellers within the pump is lifted upwards (UPTHRUST). Pumps are manufactured with bearings designed to handle 
intermittent upward water surges up to a certain degree. If the actual flow is much greater than this, an upthrust condition exists. The 
force of this UPTHRUST will first put pressure on the motor's thrust bearing. If and when this bearing wears out, the pump's components 
will begin to absorb the upthrust as they grind against each other. Upthrust is especially damaging when the pump is started and the 
drop pipe is empty-- causing a great upthrust of water since no head is present. Check valves in the drop pipe will prevent this from 
occuring . 

• BEFORE 
pump starts pumping 

AFTER 
pump starts pumping 

Weight of water and Initial surge of water thrusts 
impellers pushes down impellers upwards 

DAMAGE CAUSED 

Shaft 

Split Cone Nut 

Split Cone 

Impeller 

Once the motor's thrust 
bearing is worn, the pump 
components begin wearing 

.ally, the UPTHRUST condition lasts for only a few seconds until the water pressure above the impellers acts as a counterforce to press 
the impeller stack down onto the motor shaft. Sometimes, however, if the pump is producing far more flow than for which it was 
designed, the upthrust condition can continue until the pump is stopped. 

4 CRUNDFOS·~ 



Most Common Problem Situations 

Downthrust Condition 
Pumps are designed with the expectation that the correct size 
pump will be used in the right situation. An 80 gallon per minute 
pump which can produce about 600 feet of head (at the same 
time it delivers 80 GPM) is designed so that if it is used in this 
situation, the pump will operate at its best efficiency and all its 
components will have a long life. The perfomance curve at right 
shows the most efficient operating range for this type of pump. 

If the pump is not operated in this range, problems can occur. 

One such problem can occur when a pump is installed and run in 
a situation in which it will produce HEAD in the range of shut-off 
pressure (left part of the curve, as shown above). Although the 
pump is designed to operate over the full curve, if it does not 
produce enough flow the weight of the shaft and the pressure of 
the water in the drop pipe is not counterbalanced, causing 
possible wear to the bearings in the pump and motor. This can 
occur if a valve has been closed down so far that the flow is 
greatly restricted or when the pump is pumping water faster 
than the well can refill itself. 

In addition to causing possible bearing damage, operating the 

I oPERATING OUTSIDE THE RANGE I 

700 
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pump in a downthrust condition is an inefficient use of energy and may not allow for proper motor cooling (see page 2). 

BEFORE AFTER DAMAGE CAUSED 
pump starts pumping pump starts pumping .....-------::;'· 

" ,, ,, 

Weight of water and 
impellers pushes down 

Impellers can produce so 
much pressure they can grind 

down against each other 

Shaft 

Split Cone Nut 

Impeller 

After motor's thrust bearing 
has worn out, pump 

components begin to show 
equal wear from grinding 

The best way to check for motor bearing damage is with a shaft height gauge. Refer to the Dismantling & Reassembly section of this. 
manual for complete instructions. 
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When Something Goes Wrong • • • 

• 

• 

• 
6 

Pump Won't Start 
Possible Cause 

Low or no power at the motor 

Fuses are blown or the circuit breakers 
have tripped. 

{3·phose motors only} 
Motor starter overloads are burned or 
have tripped 

{3-phose motors only} 
Starter does not energize 

Defective controls 

Motor or cable is defective 

{1-phose motors only} 
Defective capacitor 

Defective pressure switch or the 
tubing to it is plugged. 

The pump is mechanically bound or 
stuck 

Check This By . .. 

Check for voltage at the control box or panel See 
page 11 for onstructoons. 

Turn off the power and remove the fuses. Check 
for contonuity woth an ohmmeter as shown on 
page 13 

Check for voltage on the lone and load so de of the 
starter Check the amp draw and make sure the 
heater os sozed correctly 

Energize the control corcuot and check for voltage 
at the holdong cool. 

Check all safety and pressure switches for defects 
Inspect the contacts on control devoces. 
Turn off the power and dosconnectthe motor 
leads from the control box Measure the lead-to
lead resostance of the drop cablewoth an 
ohmmeter (set toR x 1). Measure the lead-to
ground values with a megohmmeter (set toR x 
lOOK) See pages 12 and 13 Compare these 
measurements to the rated values for your motor 
Turn off the power and doscharge the capacotor by 
shorting the leads together Check it with an 
ana log ohmmeter (set toR x lOOK). See page 11 or 
use an audible capacitor tester. 
Watch the pressure gauges as the pressure swotch 
operates Remove the tubing and blow through ot 
Turn off the power, pull the pump, and manually 
rotate the pump shaft. Also check the motor shaft 
rotatoon, the shaft height, and the motor's amp 
draw (to see of ot ondocates a locked rotor) 

Pump Does Not Produce Enough Flow (GPM) 
Possible Cause 

Shaft is turning in the wrong 
direction. 

Pump is operating at the wrong 
speed (too slow) 

Check valve is stuck (or installed 
backwards) 

Parts in the pump are worn 

or 

Impellers, Inlet Strainer, or Well 
Screen is clogged 

The water level in the well may be 
too low to supply the flow desired 

or 

Collapsed well 

Broken shaft or coupling 

There are leaks in the fittings or 
piping 

GRUNDFOS"~ 

Check This By ... 

Check to make sure the electrical connections in 
the control panel are correct 

Check for low voltage (as shown on page 11) and 
phase ombalance (as shown on page 10) 

Pull the pump and reovethe check valve 

Install a pressure gauge. start the pump, and 
gradually close the discharge valve. Read the 
pressure at shutoff. (Do not allow the pump to 
operate for an extended period at shutoff) 

Usong a depth gauge. check the drawdown on the 
well whole the pump IS operatong 

Pull pump and 1nspect 

Pull the pump out of the well. 

Correct This By ... 

If there is no voltage at the control panel, check 
the feeder panel for tripped corcuots and reset 
those circuits 
Replace the blown fuses or reset the corcuit 
breaker If the new fuses blow or the corcuot 
breaker trips. the electrical installation. motor, 
and wores must be checked for defects. 
Replace any burned heaters or reset Inspect 
the starter for other damage If the breaker 
trops again, check the supply voltage. Ensure 
that heaters are so zed correctly and the trop 
settong is approproately adjusted. 
If there is no voltage. check the control circuit 
fuses. If there is voltage, check the holding coil 
for weak connectoons Ensure that the holding 
coil is designed to operate with the available 
control voltage. Replace the coil if defects are 
found. 
Replace worn or defectove parts or controls. 

If an open or grounded won ding is found, pull 
the pump from the well and recheck the 
measurements woth the lead separated from 
the motor Repair or replace the motor or 
cable 

When the meter os connected to the capacotor, 
the needle should JUmp toward 0 (zero) ohms 
and slowly drift back to infinity (DO ) 
Replace the capacitor if it is defective 
Replace as neccessary. 

If the pump shaft doesn't rotate, remove the 
pump and examone ot If necessary, dosmantle it 
and check the ompellers for obstructoon Check 
for motor corros1on 

Correct This By ... 

Turn off the power Correct the wirong For 
songle phase motors, check the worong d1agram 
on the motor For three phase motors, s1mply 
sw1tch any two power leads. 
Replace defectove parts or contact power 
company, as applicable 

Re-onstall or replace. 

Convert the PSI you read on the gauge to Feet 
of Head by. 

PSI x 2.31 ft 

Add to this number the number of feet 
(vertocally) from the gauge down to the water's 
pumping level. 
Refer to the pump curve for the model you are 
workong wrth to determone the shutoff head 
expected forth at model If those figures and 
yours do not match, remove the pump and 
onspect ompellers, chambers. etc. for clogging. 

If the pumpong water level (oncludong 
drawdown) IS not AT LEAST 3 FEET above the 
pump's inlet straoner, e1ther· 
1 Lowerthepumpfurtherdown 

the well. 
2. Throttle back the discharge 

valve to decrease the flow, 
thereby reduc1ng drawdown 

Replace as necessary. 

The suction pipe, valves, and fittongs must be 
madet1ght Repaor any leaks and ret1ghten all 
loose fittings 



Control Box 
{for single-phase 

pumps) 

~---

;:-: 
I -:-_-

When Something Goes Wrong 

• Fuse-Disconnect Box 

• 
Control Panel 

(for three-phase pumps) 

Control Panel 
Instructions 

• 
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When Something Goes Wrong • • • 

• 

• 
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Fuses Blow or Heaters Trip 
Possible Cause 

Improper voltage 

The starter overload is set too low. 

(3-phase motors only) 
Current is imbalanced. 

The wiring or connections are faulty. 

(l-phase motors only) 
Capacitor is defective 

Fuse, heater, or starter are the wrong 
size 

The control box location is too hot 

(l-phase motors only) 
Wrong control box 

Defective pressure switch 

The motor is shorted or grounded. 

Poor motor cooling 

Bad motor thrust bearing 

Pump Cycles Too Often 
Possible Cause 

The pressure switch is defective or is 
not properly adjusted. 

The tank is too small 

There is insufficient air charging of the 
tank or piping is leaking. 

Plugged snifter valve or bleed orifice 
(causing pressure tank to be water
logged) 

Leak in the pressure tank or piping. 

The level control is defective or is not 
properly set. 

Pump is oversized for the application. 
It is outpumping the yield of the well 
and pumping itself dry. 

IGRUNDFOS"~ 

Check This By ... 

Check the voltage at the control box or panel. See 
page 11 for instructions 

If the 1ncommg voltage is+ or -10%, check the 
wire SIZe and then measure the d1stance between 
the pump motor and the pump control panel. 

Cycle the pump and measure the amperage See 
page 10 for mstruct1ons. 

Check the current draw on each lead to the motor 
See page 11 for mstructions 

Check to make sure the wmng is correct and there 
are no loose terminals 

Turn off the power and d1schargethe capac1tor 
Check start and run capacitors w1th an ohmmeter 
(set at R x lOOK) See page 11 for 1nstruct1ons. 

Check the fuses and heaters against the motor 
manufacturer's specification charts. 

Touch the box with your bare hand dunng the 
hottest part of the day-- you should be able to 
keep your hand on it without burn mg. 

Check requirements for the motor agamst the 
control box specifications. 

Watch gauges as pressure switch operates 

Turn off the power and disconnect the w1nng. 
Measure the lead-to-lead res1stance w1th an 
ohmmeter (set toR xl). Measure the lead-to
ground resistance (set toR xlOOK). Compare 
these measurements to the rated values for your 
motor 

Fmd the mternal d1ameter of the well casmg (or 
sleeve, if used) on the chart on page 2 and check 
for proper cooling. 

Measure for high amps as explamed on page 10. 

Check This By ... 

Check the pressure setting on the swrtch Check 
the voltage across closed contacts 

Check the tank s1ze and amount of a1r m the tank 
The tank size should be about 10 gallons for each 
GPM needed (16 GPM = 160 gal.) At the pump 
cut-m pressure, the tank should be about 2/3 filled 
wit ir 
Pump air into the tank or diaphragm chamber 
Check the diaphragm for leaks. Check the tank and 
pipmg for leaks with soapy water. Check the air
to-water rat1o m the tank 

Exa mme them for dirt or erosion. 

Check the settmg and operat1on of the level 
control. 

Check the y1eld ofthe well (determined by the 
well-test) agamst the pump's performance curve 

Refer to the tank's operatmg and installation 
mstruct1ons and make sure 1t IS mstalled correctly 

Correct This By ... 

If voltage varies by more than 10% (+or-), 
contact the power company 

Rew1re with correct gauge Undersized wire and 
a great distance between the control panel and 
the pump motor increases resistance and 
decreases the voltage by the t1me it reaches the 

um motor 
Increase the heater size (use a slo-b1o) or adJust 
the tnp settmg Do not, however, exceed the 
recommended rat1ng. 

The current imbalance must be withm 5% of 
each other. If they are not, check the wiring 
and the power supply 

T1ghten any loose terminals and replace any 
damaged w1re 

When the meter 1s connected to the capacitor, 
the needle should JUmp towards 0 (zero) ohms 
and then slowly dnft back to mfimty ( oo) 
Replace the capacitor if it is defect1ve 
Replace as necessary. 

Shade, ventilate, or move the control box so 1ts 
environment does not exceed no•F 

Replace as necessary. 

Replace as necessary 

If you find an open or grounded wind mg. 
remove the motor and recheck the leads. If OK, 
check the leads for contmu1ty and for bad 
splice. 

Increase the pump flow (GPM) so proper 
coolmg IS possible (see chart on page 2) or pull 
the pump out of the well and add a sleeve w1th 
a smaller mternal diameter (see chart on paqe 2/ 
If amps are too high, pull the pump and replace 
the motor. 

Correct This By ... 

Adjust the pressure switch w1th a screwdnver 
or replace rt 1f defective 

Replace theta nk w1th one that is the correct 
size 

Repa1r as necessary 

Repa1r or replace as necessary 

Readjust the level control settmg (according to 
the manufacturer's mstructions) or replace 1t if 

iv 
Reduce the flow by throttlmg back the valve . 

or 
Change the pump 

Repa1r or replace as needed 



When Something Goes Wrong 

Fuse-Disconnect Box 

Control Panel 
(forthree-phase pumps) 

• 

• 
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Measurement and Testing 

--mperage Check 
To check the electrical current (measured in amperes, or "amps") use an ammeter. 
Instructions 
1. Make sure the pump is running 
2. Set the rotary scale on the front of the ammeter to the highest scale. 
3. Open the control box and place the jaws of the ammeter 

around the wire to be measured. 
4. Slowly rotate the scale on the ammeter back towards 0 (zero) 

until an exact reading is shown. 
5. Record the measurement 
6. Repeat for the other wires. 

Evaluation 
If the amp draw exceeds the service factor amps for the pump (as listed in the 
Motors section of the Service Manual), then: 
• The motor starter may have burned contacts 
• The terminals in the starter or terminal box may be loose 
• There may be a winding defect. Check the winding and insulation resistance (see 

pages 12 and 13) 
• The motor windings may be shorted or grounded 
• The pump may be damaged in some way and may be causing a motor overload. 
• A voltage supply or current imbalance (3-phase only) may exist. Follow the steps 

below to determine if this is true. 
• The insulation on the drop cable may be torn, exposing the cable. 

Current Imbalance On Three-Phase Motors 
If the motor is connected to three-phase power, the 

•

lance of those three phases can be checked in the 
lowing way: 

1. Measure the amperage of each wire as instructed 
above and record these figures. 

2. Add together the total amperage measured by the 
three wires. 

3. Divide this number by three to get the average 
amperage reading for the three wires. 

4. Check over your numbers and 
determine which wire has the greatest difference 
from the average. 

Incoming 
cower 
eads 

Motor 
leads 

Hookup 1 

L1 L2 L3 

lll 
TTT 
A B C 

Incoming 
Power 
Supply 

Hookup 2 

L1 L2 L3 

lll 
TTT 
C A B 

Hookup 3 

L1 L2 L3 

lll 
TTT 
B C A 

, To 
Pump 

5. Take that number and subtract it from the 
average to determine the amount of difference. 

(where A, B, and C represent each motor lead or each set of leads joined together 
to make a single motor lead) 

6. Divide the difference by the average. 
7. Multiply this number by 100 to obtain the percent 

of current imbalance for that particular hookup. 
8. Turn POWER OFF 
9. Repeat these steps for the other two possible 

hookup installations so that each motor lead is 
connected to a different power lead than it was 
before. 

Evaluation 

Example: 
A 
B 
c 

Total 
150/3 

-46 

4/50 

If the the current imbalance is greater than 5% on all three hookups, then: 

51 amps c 
46 amps A 
53 amQS B 
150 Total 
50 150/3 
4 -49 
.08 or 8% 1/50 

50 amps B 50 amps 
49 amps c 48 amps 
51 amQS A 52 amQS 
150 Total 150 
50 150/3 50 
1 -48 2 
.02 or 2% 2/50 .04or4% 

• If the largest difference in amps is consistently drawn from the same power lead (L1, L2, or L3 above), contact the power company. 
Your voltage should be balanced to within+ or- 5%. 

• If the largest difference in amps is consistently drawn from the same motor lead (A, B, or C above), there is likely a problem with the 
motor. Check the items listed under "Evaluation" near the top of this page . 

• 
he current imbalance exceeds 5% one or two of the legs, use the hookup that has the least difference and check the motor for some of 
e other problems listed under "Evaluation" near the top of this page. 
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Measurement and Testing 

Capacitor Check 
To check the condition of any capacitor on single phase motors, use an 
ohmmeter. 

Instructions: 
1. Turn the POWER OFF. 
2. Disconnect the capacitor from the power source. 
3. Discharge the capacitor by touching its leads together. 
4. Set the scale selector on the ohmmeter toR x lOOK. 
5. Connect the leads of the ohmmeter to the black and orange wires of 

the capacitor. 
6. Watch the ohmmeter scale. 
7. Disconnect one lead from the capacitor for approximately 30 seconds. The needle 

should return to the last reading taken. 

Evaluation 
If the capacitor is OK, the needle should swing towards zero and then float back 

towards infinity (oo). If the needle drops and remains at zero, the capacitor is 
probably shorted. If the needle remains at a high value, there is an open circuit. 
CAUTION: This test may indicate a good capacitor even though it may have lost some capacitance, making the motors 
run noisy or draw high amps. To safeguard against this, the capacitor can be checked with a capacitor meter. 

Supply Voltage Check 
To check the supply voltage, use a voltmeter (or am probe) with the power on. 

Instructions 
1. Set the voltmeter to the highest scale 
2. Remove the cover of the control box ... BE CAREFUL-- POWER IS STILL BEING 

SUPPLIED TO THE CIRCUIT. Do not touch the voltmeter leads together while 
they are in contact with the power lines. 

3. Touch the ends of the voltmeter leads as follows: 

Single Phase Motors 
Touch one voltmeter lead to each of the lines supplying power to the 
control ( L1 and L2 , or L1 and N for 115V circuits). ~ 

Three Phase Motors 
Touch a voltmeter lead to the following: 

• Power leads L2 and L3 These tests should give a reading of full line 
• Power leads L1 and L2} 

• Power leads L3 and L1 voltage. 
• Two fuses 
• Two contact points 
• Two heaters 

Evaluation 

Checking 
Single Phase 
Power 

When the motor is under load, the voltage should be -10% and +6% of the nameplate voltage. Any variation larger than this 
can cause damage to the motor windings and should be noticeable as a high amp problem. 

If The Motor Nameplate Reads ... Then the minimum and maximum voltage should be . .. 
Minimum I Maximum 

115V (single phase) 105 volts 121 volts 
208V (single or three phase) 188 " 220" 
230V " " 210" 243" 
460V (three phase) 414" 487" 
575V " " 518" 609" 

Any vanat1ons larger than these may md1cate a poor electncal supply. The motor should not be operated under these 
conditions. Contact your power supplier to correct the problem or change the motor to one requiring the voltage you are 
receivin . 

GRUNDFOs·~ 
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Measurement and Testing 

-.otor Winding Resistance (lead-to-lead) 
To check the electrical condition of the drop cable, splice, and motor windmgs, a resistance check with an ohmmeter is required. 

• 

Instructions: 
1. Turn the POWER OFF. 
2. Disconnect all electrical leads to the drop cable. 
3. Set the scale selector on the ohmmeter toR x 1 (if you expect ohm 

values under 10) orR x 10 (for ohm values over 10). 
4. Touch the leads of the ohmmeter to two motor leads: 

Single Phase Motors 
Touching the leads of the ohmmeter to the black and yellow leads will 
measure the main winding's resistance for Franklin and Grundfos 402 motors. 
The red and yellow leads will be the start winding's resistance. 
Three Phase Motors 
Touching the leads ofthe ohmmeter to any two black leads will measure 
that winding's resistance. Repeat for all three possible lead combinations. 

5. Watch the ohmmeter scale and record this figure. Subtract the ohm 
resistance for the drop cable (chart below) from the number. Compare the 
remaining figure with the one shown in the Motors section ofthis manual. 

If· Then· 
Ohm values are normal Motor windings are okay 
One ohm value is less than normal That motor winding may be 

starting to short 
One ohm value is greater than normal That winding may be starting to open 
Some ohm values are greater than The leads may be connected 
normal (>25%) and some are less incorrectly, or have a break in the 
than normal (± 25%) insulating jacket 

If ohm readings are not normal and you want to verify the problem is not with the splice or drop cable, remove the lead from the motor and 
check the resistances from pin to pin directly at the motor. If the motor checks out okay, the fault is in the lead or splice (see page 14). 

Total Resistance of Drop Cable (from control box to motor and back) 

• 

~ 
a:a 
5 ... 
0 .... ... ... ... 

_Jj/fj;ji_ 

0 .5 1.0 

12 GRUNDFOS'~ 

1.5 2.0 2.5 3.0 3.5 4.0 

DROP CABLE OHMS 

4.5 

The values shown are for 
copper conductors. If 
aluminum conductor 
drop cable is used, the 
resistance will be higher 
for each foot of cable of 
the same size. 

Copper+ .61 =Aluminum 



Measurement and Testing 

Insulation Resistance 
(lead-to-ground) 
To check the insulation resistance of the drop cable, splice, and motor leads, a megohmmeter is 
required. 

Instructions: 
1. Turn the POWER OFF. 
2. Disconnect all electrical leads to the drop cable. 
3. Set the scale selector on the megohm meter toR x 100, touch its leads together, and adjust 

the indicator to zero. 
4. Touch the leads of the megohmmeter to each of the motor leads and to ground (i.e. Ll to 

ground; L2 to ground, etc.). The well casing, if made of steel, makes an excellent ground. 
5. Watch the megohm meter scale and compare this figure with the chart below. 

Evaluation: In general, any ohm value above 1,000,000 ohms indicates everything is OK. The 
following table gives more specifics. 

_, .._ _ __,__ ~ 

OHM VALUE 

2,000,000 (or more) 
1,000,000 (or more) 

500,000- 1,000,000 
20,000- 500,000 

10,000- 20,000 

less than 10,000 

Fuses 

MEGAohm VALUE 

2.0 
1.0 

0.5- 1.0 
.02-0.5 

.01-.02 

0-.01 

THIS INDICATES THAT ... 

If The Motor HAS NOT Yet Been Installed: 
It is a new motor 
It is a used motor than can be used again (insulation OK) 

If The Motor HAS Been Installed: 
(means that ohm readings will be for the 

drop cable plus the motor) 

The motor is in reasonably good condition 
The motor may have been damaged by lightning or has damaged 

leads. 
The motor has certainly been damaged or has damaged leads. 

o ' o L 

The pump should be pulled and repairs made to the motor leads 
or replace the motor completely. The motor may still operate, 
but probably not for long. 

The motor has failed or the motor lead insulation has been completely 
destroyed. The pump must be pulled and the motor lead (drop 
cable) repaired or the entire motor replaced. The motor will not run 
in this condition. 

To check the condition of electrical fuses, an ohmmeter is required. 

Instructions: 
1. Turn the POWER OFF at the main disconnect or power source. 
2. Remove the fuse. 
3. Set the scale selector on the ohmmeter toR x 1. 
4. Touch each lead of the ohmmeter to one end of the fuse. 

Evaluation: 
A good fuse should have zero {0) ohm reading. If the ohm value is near or past 
infinity, the fuse must be replaced. • 

GRUNDFOS"~ 13 



Measurement and Testing 

--.ble and Splice Condition 
To check the electrical condition of the cable and splice insulation, a megohm meter is required. 

Instructions: 
1. Turn the POWER OFF. 
2. Remove the cable from the motor and electrical supply. 
3. Submerge the cable in a steel barrel of water. Make sure both ends stay out of the water. 

Salt may be added to increase the conductance of the water. 
4. Set the megohm meter toR x lOOK. Zero-adjust the ohmmeter by touching its two leads 

together. 
5. Touch one megohm meter lead to the steel barrel and other to a bare cable lead. 
6. If the megohmmeter drifts towards zero {0), either that lead or the splice for that lead has a 

leak (fault). To find out if it is the splice: 

Checking the Relay 
(SINGLE-PHASE CONTROL BOXES ONLY) 

a. Raise the splice for that lead out of the water. 
b. Repeat step 5. 
c. If the megohm meter drifts towards infinity, 

the fault is in the splice. 
d. If the megohm meter drifts towards zero (0), the fault is somewhere else in 

that lead. Gradually pull the rest of that cable lead out of the water until 
the megohmmeter drifts towards infinity. When it does, the leak is at that 
point in the cable lead. 

7. Repeat for each of the motor leads. 

Evaluation: 
Any faulty leads should be replaced using waterproof electrical tape. 

To check the electrical condition of the relays on single phase control 
boxes, an ohmmeter is required. 

Specific instructions for checking the relay differ from control box to 
control box. Refer to the inside cover of your control box. 

• 
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Overload Protection 
To check the electrical condition of the thermal overloads, an ohmmeter is required. 

Instructions: 
1. Turn the POWER OFF. 
2. Set the scale selector on the ohmmeter toR x 1. 
3. Touch one of the ohmmeter leads to an overload protector and one to terminall, 

then terminal 3. Repeat for each overload protector. 

Evaluation: 
If the ohm values are 0.5 ohms or less, the overload protectors should still be functional. 
If not, they should be replaced. 



Engineering 

Definitions 

NET POSITIVE SUCTION HEAD {two types) 

Before a centrifugal water pump can operate, thewatermustenterthe pump under a certain minimum amount of pressure. 
For submersible pumps, this minimum is easily reached, since the pump is submerged in water and both the atmospheric 
pressure (14.7 psi) and the pressure of the water in the well are present. The amount of pressure (expressed in feet of head) 
required for a given pump to operate is known as its Net Positive Suction Head Required. 

This number is determined by extensive testing of the pump by the manufacturer. These requirements are normally shown 
in graphical form (an NPSH curve) for a pump at every flow (GPM) within the flow range for which the pump is designed. 
As a pump's flow (GPM) increases, the NPSHR needed to continue that flow (without cavitating) also increases. 

The amount of pressure (expressed in feet of head) that is actually available to a pump is known as its Net Positive Suction 
Head Available. Since the NPSH Available to the pump is almost always greater than the NPSH Required (for submersible 
pumps, that is), they are usually not a cause for any concern when sizing a pump or troubleshooting. 

For submersible pumps, NPSH Required should not be confused with Total Dynamic Head, which is the 
amount ofheadthe pump must produce to deliver water at the desired flow rate (GPM) in a given situation. 
Total Dynamic Head (or TDH, as it is sometimes called) is explained below. 

TOTAL DYNAMIC HEAD 

When selecting (or "sizing") a pump, two questions must be 
answered: 

1. How much flow is needed? 
(expressed in Gallons Per Minute) 

2. How much head must the pump produce ? 
(known as Total Dynamic Head) 

To determine the Total Dynamic Head the pump must 
produce, 5 pieces of information are needed: 

0 
0 

G 

e 

STATIC WATER LEVEL 

+ 
DRAWDOWN 
(as the pump is pumping) 

+ 
TANK ELEVATION 

+ 
TANK PRESSURE 
(multiply by 2.31 to 
convert psi to feet of head) 

+ 0 FRICTION LOSSES 

THE TOTAL 
OF THESE 5 NUMBERS IS 
THE AMOUNT OF HEAD 
THE PUMP MUST PRODUCE 

e TANK 
ELEVATION 

(from well cap 
to 1a nk s uc uon port) 

0 (Static) 
STANDING 

WATER 
LEVEL 

• 

• 
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Engineering 

• 

• 

AFFINITY LAWS 
The mathematical relationships which permit the head, capacity, brake horsepower (BHP), and NPSH of centrifugal 
pumps to be predicted based on small changes in impeller diameter size or shaft speed (RPM) changes. These relation
ships are: 

For diameter chang_es at a constant RPM: For RPM changes: 

D1 GPM1 Flow changes in direct proportion to 2 
D2 = GPM2 the ratio of the diameter change. RPM1 GPM1 CPMl) NPSH1 

RPM2 = GPM2 RPM2 = NPSH2 
2 

(~~) H1 Head changes to the square ratio of the 
( RPM1) H1 

} Head '"'ffi'd•d by th< ''""" = H2 ratio of the diameter change. = RPM2 H2 of the ratio of RPM change 

3 
and 

(~~) 
BHP1 BHP changes to the cube of the ratio of CPMl) BHP1 BHP is affected by the cube of 

= the ratio of the RPM change = BHP2 the diameter change 

Conversion Formulas 

HEAD 
(in feet) 

PRESSURE 
(PSI) 

ATMOSPHERIC PRESSURE 
Pressure of the Atmosphere Pushing 
Down (at sea level) 

BRAKE HORSEPOWER 
Horsepower Delivered to the Pump Shaft 

PUMP EFFICIENCY 
OfThe Pump 

FOOT POUNDS 

DEGREES FARENHEIT 

= 

= 

= 

= 

= 

= 

= 

RPM2 BHP2 

Pressure (PSI) x 2 31 
Spec1fic Gravity (for water, 1.0 at ambient temperatures) 

HEAD (in ft) x Specific Gravity (for water, 1.0 at ambient temperatures) 
2.31 

14.7 PSI = 34 feet of HEAD 

GPM x HEAD x Specific Gravity (for water, 1.0 at ambient temps) 
3960 x Efficiency Of Pump 

GPM x HEAD x Specific Gravity 
3960 x Brake Horsepower 

Newton Meters (or Nm) x 7376 

(Degrees Celsius x 9/5) + 32 
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Water Vapor Pressure and Specific Gravity 

"F ·c 

/ 32 0 
40 44 
45 7.2 
50 10.0 
55 12.8 
60 15.6 
65 18.3 
70 21.1 
75 23.9 
80 26.7 
85 29.4 
90 32.2 
95 35 0 

100 37.8 
110 43.3 
120 48.9 
130 54.4 
140 60.0 
150 65.6 
160 71.1 
170 76.7 
180 82.2 
190 87 8 
200 93.3 

212 (boilinl! point) 1000 
220 104.4 
240 115 6 
260 126.7 
280 137.8 
300 148.9 
320 160 0 
340 171.1 
360 182.2 
380 193.3 
400 2044 
420 215 6 
440 226.7 
460 237.8 
480 248.9 

' 
500 260 0 

Specific 
Gravity 

(1 at 60"F) 

1.002 
1001 
1.001 
1.001 
1.000 
1.000 

999 
999 
.998 
.998 
.997 
.996 
.995 
.994 
.992 
.990 
.987 
.985 
.982 
.979 
.975 
.972 
.968 
.964 
.959 
.956 
.948 
.939 
.929 
919 
.909 
.898 
.886 
.874 
.860 
.847 
.833 
.818 
.802 
.786 

Weight 
(Lbs per cubic foot) 

62 42 
62.42 
6240 
62.38 
62 34 
62.34 
62 31 
62.27 
62.24 
62.19 
62.16 
6211 
62 06 
62.00 
6184 
6173 
6154 
6139 
61.20 
6101 
60 79 
60 57 
60 35 
6013 
59.81 
59 63 
59.10 
58 51 
58 00 
57 31 
56.66 
55 96 
55.22 
5447 
53.65 
52.80 
51.92 
51.02 
50.00 
49.02 

Vapor 
Pressure 

(PSIA) 

0.0885 
0.1217 
0.1475 
0.1781 
0.2563 
0.2563 
0.3056 
0.3631 
0.4298 
0.5069 
0.5959 
0.6982 
0.8153 
0.9492 
1.275 
1.692 
2.223 
2.889 
3.718 
4.741 
5.992 
7.510 
9.339 

11.526 
14.696 
17.186 
24.97 
35.43 
49.20 
67.01 
89.66 
89.66 

153.04 
195 77 
247.31 
308.83 
381.59 
466.9 
566.1 
680.8 

Engineering 

Vapor 
Pressure 
(in feet) 

0.204 
0.281 
0.340 
0411 
0.591 
0.591 
0.839 
0 839 
0994 
1172 
1.379 
1617 
1890 
2 203 
2 965 
3.943 
5196 
6 766 
8 735 

11172 
14.178 
17.825 
22.257 
27.584 
35.353 
41.343 
60.77 
87.05 

122.18 
168 22 
227.55 
227.55 
398 49 
516.75 
663 42 
84117 

1056 8 
1317 8 
16284 
1998.2 

' 

/ 
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Water Properties at Different Altitudes 
f ALTITUDE BAROMETER READING ATMOS. PRESSURE 

I I I 
Boiling Pomt 

Feet Meters IN HG MM.HG PSI A Feet of Water Of Water F• 

-1000 -304.8 31.0 788 15.2 35 2 213.8 
-500 -152.4 30 5 775 15.0 346 212.9 

0 0.0 29.9 760 14.7 33.9 212.0 
+500 +152.4 29.4 747 144 33.3 2111 

+1000 304.8 28.9 734 14.2 32 8 210 2 
1500 457.2 28.3 719 13.9 32 1 209.3 
2000 6096 27.8 706 13.7 31 5 208.4 
2500 762.0 27 3 694 13.4 310 207.4 
3000 9144 26.8 681 13.2 30 4 206.5 
3500 1066.8 26 3 668 12.9 29 8 205 6 
4000 1219 2 25 8 655 12.7 29 2 204.7 
4500 13716 25 4 645 12.4 28.8 203 8 
5000 1524.0 249 633 12.2 28.2 202 9 
5500 1676.4 244 620 12 0 27.6 2019 
6000 1828.8 240 610 118 27.2 2010 
6500 1981.2 23.5 597 11.5 26 7 200.1 
7000 2133 6 23.1 587 113 26.2 199 2 
7500 2286.0 22 7 577 111 25.7 198.3 
8000 2438.4 22 2 564 10 9 25.2 197 4 
8500 2590 8 21.8 554 10.7 24 7 196.5 
9000 2743.2 214 544 10 5 24.3 195.5 
9500 2895.6 21.0 533 10.3 23 8 194.6 

10000 3048.0 20 6 523 10 1 23 4 193.7 
15000 4572 0 16.9 429 83 19 2 184 0 ./ 

• 
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Important Notice - Please Read 

MN04003020E 

The product discussed in this literature is subject to terms and conditions outlined in Eaton 
Electrical Inc. selling policies. The sole source governing the rights and remedies of any 
purchaser of this equipment is the relevant Eaton Electrical Inc. selling policy. 

NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF FITNESS FOR A 
PARTICULAR PURPOSE OR MERCHANTABILITY, OR WARRANTIES ARISING FROM COURSE 
OF DEALING OR USAGE OF TRADE, ARE MADE REGARDING THE INFORMATION, 
RECOMMENDATIONS AND DESCRIPTIONS CONTAINED HEREIN. In no event will Eaton 
Electrical Inc. be responsible to the purchaser or user in contract, in tort (including 
negligence), strict liability or otherwise for any special, indirect, incidental or consequential 
damage or loss whatsoever, including but not limited to damage or loss of use of equipment, 
plant or power system, cost of capital, loss of power, additional expenses in the use of 
existing power facilities, or claims against the purchaser or user by its customers resulting 
from the use of the information, recommendations and descriptions contained herein. 

The information contained in this manual is subject to change without notice. 

Cover Photo: Cutler-Hammer® SLX9000 Adjustable Frequency Drive . 

For more mformation vistt. www.eaton.com 
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Safety 

Definitions and Symbols 

A WARNING 

This symbol indicates high voltage. It calls your attention to items 
or operations that could be dangerous to you and other persons 
operating this equipment. Read the message and follow the 
instructions carefully. 

A 
This symbol is the "Safety Alert Symbol." It occurs with either of 
two signal words: CAUTION or WARNING, as described below. 

A WARNING 

Indicates a potentially hazardous situation which, if not avoided, 
can result in serious injury or death. 

A CAUTION 
Indicates a potentially hazardous situation which, if not avoided, 
can result in minor to moderate injury, or serious damage to the 
product. The situation described in the CAUTION may, if not 
avoided, lead to serious results. Important safety measures are 
described in CAUTION (as well as WARNING). 

Hazardous High Voltage 

viii 

A WARNING 

Motor control equipment and electronic controllers are connected 
to hazardous line voltages. When servicing drives and electronic 
controllers, there may be exposed components with housings or 
protrusions at or above line potential. Extreme care should be taken 
to protect against shock. 

Stand on an insulating pad and make it a habit to use only one 
hand when checking components. Always work with another 
person in case an emergency occurs. Disconnect power before 
checking controllers or performing maintenance. Be sure 
equipment is properly grounded. Wear safety glasses whenever 
working on electronic controllers or rotating machinery. 
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Warnings, Cautions and Notices 

Read this manual thoroughly and make sure you understand the procedures before you 
attempt to install, set up, or operate this Cutler-Hammer® SLX9000 Adjustable Frequency 
Drive from Eaton's electrical business. 

Warnings 

MN04003020E 

A WARNING 
Only a competent electrician may carry out the electrical installation. 

A WARNING 

The components of the power unit of the drive are live when the 
SLX9000 drive is connected to power supply. Coming into contact 
with this voltage is extremely dangerous and may cause death or 
severe injury. The control unit is isolated from mains potential. 

A WARNING 
The motor terminals U, V, W (T1, T2, T3) and the DC-Iink/brake 
resistor terminals -/+ (in SLX9000 <::1.1 kW) are live when drive is 
connected to mains, even if the motor is not running. Contact with 
this voltage is extremely dangerous and may cause death or severe 
injury . 

A WARNING 

The control I/O-terminals are isolated from the mains potential. 
However, the relay outputs and other I/O-terminals may have 
dangerous control voltage present even when the drive is 
disconnected from the power supply. Contact with this voltage is 
extremely dangerous and may cause death or severe injury. 

A WARNING 

The drive has a large capacitive leakage current. Proper grounding 
is required. Failure to observe this precaution could result in death 
or severe injury. 

A WARNING 

If the drive is used as a part of a machine, the machine 
manufacturer is responsible for providing the machine with a main 
switch (EN 60204-1). 

A WARNING 

Only spare parts delivered by Eaton can be used. 

A WARNING 

If the motor thermistor is connected to DIN3, the instructions on 
Page 4-9 must be followed, otherwise a serious safety hazard may 
result from the connection. 
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Cautions 

X 

A CAUTION 
The SLX9000 drive is meant for fixed installations only. 

A CAUTION 
Do not perform any measurements when the drive is connected to 
the power supply. 

A CAUTION 
After having disconnected the drive from the power supply, wait 
until the fan stops and the indicators on the keypad go out (if no 
keypad is attached see the indicator through the keypad base). Wait 
5 more minutes before doing any work on drive connections. 

A CAUTION 
Do not perform any voltage withstand tests on any part of drive. 
There is a certain procedure according to which the tests shall be 
performed. Ignoring this procedure may result in damaged 
product. 

A CAUTION 
Prior to measurements on the motor or the motor cable, disconnect 
the motor cable from the drive. 

A CAUTION 
Do not touch the IC-circuits on the circuit boards. Static voltage 
discharge may damage the components. 

A CAUTION 
Check the correct positions of the jumpers. Running the motor with 
signal settings different from the jumper positions will not harm the 
drive but may damage the motor. 

A CAUTION 
The calculated model does not protect the motor if the airflow to 
the motor is reduced by blocked air intake grill. 
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Grounding and ground fault protection 

The SLX9000 drive must always be grounded with a ground conductor connected to the 
ground terminal. 

The ground fault protection inside the drive only protects the drive itself against ground 
faults in the motor or the motor cable. 

Due to the high capacity currents present in the drive, fault current protective switches may 
not function properly. If fault current protective switches are used, they need to be tested 
with ground fault currents present during possible fault situations. 

Motor and Equipment Safety 

MN04003020E 

A CAUTION 
Before starting the motor, check that the motor is mounted properly 
and ensure that the machine connected to the motor allows the 
motor to be started. 

A CAUTION 
Set the maximum motor speed (frequency) according to the motor 
and the machine connected to it. 

A CAUTION 
Before reversing the motor, make sure that this can be done safely . 

A CAUTION 
Make sure that no power correction capacitors are connected to the 
motor cable. 

A CAUTION 
Make sure that the motor terminals are not connected to mains 
potential. 
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Chapter 1 - Overview 

Receiving and Inspection 

Cutler-Hammer® SLX9000 Adjustable Frequency Drives User Manual 

SLX9000 Adjustable Frequency Drives User Manual 

SLX9000 Adjustable Frequency Drives User Manual from Eaton's electrical business have 
undergone scrupulous tests and quality checks at the factory before they are delivered to the 
customer. However, after unpacking the product, check that no signs of transport damages 
are to be found on the product and that the delivery is complete (compare the catalog 
number of the product to the code below, see Table 1-1). 

If the drive has been damaged during shipping, please contact the cargo insurance company 
or the carrier. 

If the delivery does not correspond to your order, contact the supplier immediately. 

Table 1-1: SLX9000 AF Drive Catalog Numbering System 

SLX 010 A 1 4 A 1 8 0 

Product Family 

Open Dnves 

Horsepower Rating 

F07 =314 hp 
001 = 1 hp 
F15 = 1-1/2 hp 
002 = 2 hp 
003 = 3 hp 
005 = 5 hp 
006 = 6 hp 
007 = 7-1/2 hp 
010 10 hp 

015 = 15 hp 
020 = 20 hp 
025 25 hp 
030 = 30 hp 
040=40 hp 
050 =50 hp 
060= 60 hp 
075 = 75 hp 

AFD Software Series 

Standard Software 

Enclosure 

1 = NEMA Type 1 2 NEMA Type 12 

Keypad 

A =Alphanumeric 

Input Options 

1 = 3-phase, EMC H 

Options 

pear in alphabetical order 

AA 3 Dl, 1 RO (NO/NC), 1 DO 
AI = 3 Dl, 1 RO !NO), 1 Tl 
B2 = 1 RO INC/NO), 1 RO !NOl, 1 Therm 
84 = 1 AI (mA ISOlated). 2 AO (mA ISOlated), 

1 ext +24V DC/EXT+ 24V DC 
B5 =3 RO !NO) 

Communication Cards 

CA =Johnson Controls N2 
Cl = Mod bus TCP 
CJ = BACnet 
C3 = Prof1bus DP 
C4 = Lon Works 
C5 = Prof1bus DP (09 Connector) 
C6 = CANopen !Slave) 
C7 = Dev1ceNet 

Board Modifications 

0 = No Standard Boards 
2 =Conformal (Varnished) Coatmg ~; 

Brake Chopper Options "l 

N = No Brake Chopper 
B = Internal Brake Chopper C1rcuit 

230V Dnves up to 15 hp IIHl and 480V Dnves up to 30 hp IIHl are only available with Brake Chopper Option B All others come With Brake Chopper 
Option N as standard. 

rt Factory promise delivery. Consult Sales Off1ce for availability 

MN04003020E For more information v1s1t www.eaton.com 1-1 
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If the drive is to be kept in storage before use, make sure that the ambient conditions are 
acceptable: 

Storing temperature: -40 to 158°F (-40 to 70°C) 
Relative humidity: <95%, no condensation 

Maintenance 

In normal conditions, Cutler-Hammer drives are maintenance-free. However, we recommend 
to clean the heatsink (using e.g. a small brush) whenever necessary. Most drives are 
equipped with a cooling fan, which can easily be changed if necessary. 

Technical Data 

1-2 

SLX9000 is a compact drive with ratings ranging from 3/4 to 75 hp. It is well adapted for 
HVAC and OEM applications where its uses are almost unlimited. 

The Motor and Application Control Block is based on microprocessor software. The 
microprocessor controls the motor basing on the information it receives through 
measurements, parameter settings, control I/O and control keypad. The IGBT Inverter Bridge 
produces a symmetrical, three-phase PWM-modulated AC-voltage to the motor. 

The control keypad constitutes a link between the user and the drive. The control keypad is 
used for parameter setting, reading status data and giving control commands. Instead of the 
control keypad, a PC can also be used to control the drive if connected through a cable and a 
serial interface adapter (optional equipment). 

The drive can be supplied with control 1/0 boards OPTAA, OPTAI, OPTB_ or OPTC_. 

230V Drives up to 15 hp (IH) and 480V Drives up to 30 hp (IH) have an internal brake chopper. 
All other sizes come standard with no brake chopper. For more information, contact Eaton. 
The input EMC filters are internal and included as standard. 

For more mformation v1sn: www.eaton.com MN04003020E 
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Brake Resistor 

Power Module .------------------------------- -----------------------------, 
1 
I 
I 
I 
I 
I 1) 

Mams Integrated Input Module Rect1foer 

3) 
IGBT 

Inverter 

L1 +---t--.J 
l2 ---t----' 
l3 +---lf-----1 

Figure 1-1: SLX9000 Block Diagram 
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January 2009 • Power Ratings 

230V SLX9000 Drives 

Table 1-2: 208- 240V, NEMA Type 1 Power Ratings 

High Overload Low Overload 
150% IIHI 110% lid 

Catalog Frame Current Current 
Number Size hp Rating hp Rating 

SLXF07 A 1-2A 1 BO MF4 3/4 3.7 1 4.8 

SLX001A1-2A1BO 1 4.8 1-1/2 6.6 

SLXF15A 1-2A 1 BO 1-1/2 6.6 2 7.8 

SLX002A 1-2A 1 BO 2 7.8 3 11 

SLX003A 1-2A 1 BO 3 11 - 12.5 

SLX004A 1-2A 1 BO MF5 - 12.5 5 17.5 

SLX005A 1-2A 1 BO 5 17.5 7-1/2 25 

SLX007 A 1-2A 1 BO 7-1/2 25 10 31 

SLX010A1-2A1BO MF6 10 31 15 48 

SLX015A 1-2A 1 BO 15 48 20 61 

SLX020A 1-2A 1 NO FR7 20 61 25 75 

SLX025A 1-2A 1 NO 25 75 30 88 

SLX030A 1-2A 1 NO 30 88 40 114 

Table 1-3: 208- 240V, NEMA Type 12 Power Ratings • High Overload Low Overload 
150% IIHI 110% lid 

Catalog Frame Current Current 
Number Size hp Rating hp Rating 

SLXF07 A2-2A 1 BO MF4 3/4 3.7 1 4.8 

SLX001A2-2A1BO 1 4.8 1-1/2 6.6 

SLXF15A2-2A 1 BO 1-1/2 6.6 2 7.8 

SLX002A2-2A 1 BO 2 7.8 3 11 

SLX003A2-2A 1 BO 3 11 - 12.5 

SLX004A2-2A 1 BO MF5 - 12.5 5 17.5 

SLX005A2-2A 1 BO 5 17.5 7-1/2 25 

SLX007 A2-2A 1 BO 7-1/2 25 10 31 

SLX01 OA2-2A 1 BO MF6 10 31 15 48 

SLX015A2-2A1BO 15 48 20 61 

SLX020A2-2A 1 NO FR7 20 61 25 75 

SLX025A2-2A 1 NO 25 75 30 88 

SLX030A2-2A 1 NO 30 88 40 114 

• 
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480V SLX9000 Drives 

Table 1-4: 380- SOOV, NEMA Type 1 Power Ratings 

High Overload Low Overload 
150o/o IIH) 110o/o (IL) 

Catalog Frame Current Current 
Number Size hp Rating hp Rating 

SLX001A1-4A1BO MF4 1 2.2 1-1/2 3.3 

SLXF15A1-4A1BO 1-1/2 3.3 2 4.3 

SLX002A 1-4A 1 BO 2 4.3 3 5.6 

SLX003A 1-4A 1 BO 3 5.6 4 7.6 

SLX005A1-4A1BO 4 7.6 5 9 

SLX006A 1-4A 1 BO 5 9 7-1/2 12 

SLX007A1-4A1BO MF5 7-1/2 12 10 

SLX010A1-4A1BO 10 16 15 23 

SLX015A 1-4A 1 BO 15 23 20 31 

SLX020A1-4A1BO MF6 20 31 25 38 

SLX025A 1-4A 1 BO 25 38 30 46 

SLX030A1-4A180 30 46 40 61 

SLX040A1-4A1NO FR7 40 61 50 72 

SLX050A 1-4A 1 NO 50 72 60 87 

• SLX060A1-4A1NO 60 87 75 105 

SLX075A1-4A1NO FRS 75 105 100 140 

Table 1-5: 380- 500V, NEMA Type 12 Power Ratings 

High Overload Low Overload 
150% IIH) 110% !ld 

Catalog Frame Current Current 
Number Size hp Rating hp Rating 

SLX001A2-4A180 MF4 1 2.2 1-112 3.3 

SLXF15A2-4A 180 1-1/2 3.3 2 4.3 

SLX002A2-4A 180 2 4.3 3 5.6 

SLX003A2-4A 180 3 5.6 4 7.6 

SLX005A2-4A 180 4 7.6 5 9 

SLX006A2-4A 180 5 9 7-1/2 12 

SLX007A2-4A1BO MF5 7-1/2 12 10 16 

SLX01 OA2-4A 180 10 16 15 23 

SLX015A2-4A 180 15 23 20 31 

SLX020A2-4A180 MF6 20 31 25 38 

SLX025A2-4A 180 25 38 30 46 

SLX030A2-4A 1 BO 30 46 40 61 

SLX040A2-4A 1 NO FR7 40 61 50 72 

SLX050A2-4A 1 NO 50 72 60 87 

SLX060A2-4A 1 NO 60 87 75 105 

• SLX075A2-4A 1 NO FRS 75 105 100 140 

MN04003020E For more mlormauon visit www.eaton.com 1-5 
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January 2009 • 575V SLX9000 Drives 

Table 1-6:525- 690V, NEMA Type 1 Power Ratings 

High Overload Low Overload 
150% IIHI 11 Oo/o lid 

Catalog Frame Current Current 
Number Size hp Rating hp Rating 

SLX002A1-5A1NO MF6 2 3.33 3 4.5 

SLX003A 1-5A 1 NO 3 4.5 - 5.5 

SLX004A 1-5A 1 NO - 5.5 5 7.5 

SLX005A 1-5A 1 NO 5 7.5 7-1/2 10 

SLX007 A 1-5A 1 NO 7-1/2 10 10 13.5 

SLX010A1-5A1NO 10 13.5 15 1S 

SLX015A1-5A1NO 15 1S 20 22 

SLX020A 1-5A 1 NO 20 22 25 27 

SLX025A 1-5A 1 NO 25 27 30 34 

SLX030A 1-5A 1 NO FR7 30 34 40 41 

SLX040A 1-5A 1 NO 40 41 50 52 

SLX050A 1-5A 1 NO FRS 50 52 60 62 

SLX060A 1-5A 1 NO 60 62 75 so 
SLX075A 1-5A 1 NO 75 so 100 100 

Table 1-7: 525- 690V, NEMA Type 12 Power Ratings • High Overload Low Overload 
150% IIHI 11 Oo/o lid 

Catalog Frame Current Current 
Number Size hp Rating hp Rating 

SLX002A2-5A 1 NO MF6 2 3.33 3 4.5 

SLX003A2-5A 1 NO 3 4.5 - 5.5 

SLX004A2-5A 1 NO - 5.5 5 7.5 

SLX005A2-5A 1 NO 5 7.5 7-1/2 10 

SLX007 A2-5A 1 NO 7-1/2 10 10 13.5 

SLX010A2-5A1NO 10 13.5 15 1S 

SLX015A2-5A1NO 15 1S 20 22 

SLX020A2-5A 1 NO 20 22 25 27 

SLX025A2-5A 1 NO 25 27 30 34 

SLX030A2-5A 1 NO FR7 30 34 40 41 

SLX040A2-5A 1 NO 40 41 50 52 

SLX050A2-5A 1 NO FRS 50 52 60 62 

SLX060A2-5A 1 NO 60 62 75 so 
SLX075A2-5A 1 NO 75 so 100 100 

• 
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Table 1-8: Technical Information 

I Description I Specification 

Mains Connection 

Input Voltage Von 208 - 240V; -15% to + 10% three-phase 
380- 500V; -15% to+ 10% three-phase 
525- 690V; -15% to+ 10% three-phase 

Input Frequency 45-66Hz 

Connection to Mains Once per minute or less (typical application) 

Motor Connection 

Output Voltage 0- Von 

Continuous Output Current IH: Ambient temperature max. 122°F (+50°C), 
overload 1.5 x IH (1 min./10 min.) 
IL: Ambient temperature max. 104°F (+40°C), 
overload 1.1 x IL (1 min./10 min.) 

Starting Torque 150% (Low overload); 200% (High overload) 

Starting Current 2 x IH 2 sees every 20 sees, if output frequency <30Hz and 
temperature of heatsink <+60°C 

Output Frequency 0-320 Hz 

Frequency Resolution .01 Hz 

Control Charactenst1cs 

Control Method Frequency control V/f 
Open Loop Sensorless Vector Control 

• Switching Frequency 208- 230V: 3/4-15 hp: 1 to 16kHz; default 10kHz 
(See Parameter 2.6.8) 20-30 hp: 1 to 10kHz; default 3.6 kHz 

380- 500V: 1-30 hp: 1 to 16kHz; default 10kHz 
40-60 hp: 1 to 10kHz; default 3.6 kHz 

525- 690V: All Sizes: 1 to 6 kHz; default 1.5 kHz 

Frequency Reference 
-Analog Input Resolution .1% (10-bit), accuracy ±1% 
- Keypad Reference Resolution .01 Hz 

Field Weakening Point 30-320 Hz 

Acceleration lime .1 - 3000 sec. 

Deceleration lime .1 - 3000 sec. 

Braking Torque DC brake: 30%*T N (without brake option) 
.. 

Amb1ent Cond1t1ons 

Ambient Operating Temperature 14°F (-10°C) (no frost) to 122°F (50°C): IH 
14°F (-10°C) (no frost) to 104°F (40°C): It 

Storage Temperature -40 to 158°F (-40 to 70°C) 

Relative Humidity 0- 95% RH, non-condensing, non-corrosive, 
no dripping water 

Air Quality: 
-Chemical Vapors IEC 721-3-3, unit in operation, class 3C2 
-Mechanical Particles IEC 721-3-3, unit in operation, class 3S2 

Altitude 100% load capacity (no derating) up to 3300 ft. (1000m) 
1-% derating for each 330ft. (100m) above 3300 ft. (1000m); 
max. 10000 ft. (3000m) 

• 
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Table 1-8: Technical Information (Continued) 

I Description 

Ambient Conditions (Continued) 

Vibration 
EN 50178/EN 60068-2-6 

Shock 
EN 50178, IEC 68-2-27 

Enclosure Class 

EMC 

Immunity 

Emissions 

Safety 

Control Connections 

Analog Input Voltage 

Analog Input Current 

Digital Inputs 

Auxiliary Voltage 

Output Reference Voltage 

Analog Output 

Relay Outputs 

Protections 

Overvoltage Protection 

Undervoltage Protection 

Ground Fault Protection 

Unit Overtemperature Protection 

Motor Overload Protection 

Motor Stall Protection 

Motor Underload Protection 

Short Circuit Protection of +24V 
and +10V Reference Voltages 

Overcurrent Protection 

I Specification 

5-150Hz 
Displacement amplitude 1 mm (peak) at 5- 15.8 Hz 
Max acceleration amplitude 1 G at 15.8- 150Hz 

UPS Drop Test (for applicable UPS weights) 
Storage and shipping: max 15G, 11 mS (in package) 

NEMA Type 1/IP21 or NEMA Type 12/IP54 

Complies with EN 50082-1, -2, EN 61800-3 

MF4- MF6: EMC-Ievel H: EN 61800-3 ( 1996)+A 11 (2000) 
1. environment, restricted use; 2. environment 

EN 50178, EN 60204-1, CE, UL, cUL, Fl, GOST R, IEC 61800-5 
(see unit nameplate for more detailed approvals) 

0- 10V, R1 = 200 kil, 
Resolution 10 bit, accuracy :t1% 

0(4)- 20 mA, R1 = 2500 differential 

3 positive logic; 18- 24V DC 

+24V, :t15%, max. 100 mA 

+10V, +3%, max. load 10 mA 

0(4)- 20 mA; RL max. 5000; Resolution 16 bit; 
Accuracy :t1% 

1 programmable change-over relay output 
Switching capacity: 24V DC/8A, 250V AC/8A, 125V DC/.4A 

Yes 

Yes 

In case of ground fault in motor or motor cable, only the drive is 
protected 

Yes 

Yes 

Yes 

Yes 

Yes 

Trip limit 4.0*1H instantaneously 

For more mformatlon vis1t www.eaton.com MN04003020E 
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Chapter 2 - Installation 

Mounting 

Standard Mounting Instructions 

MN04003020E 

1. Measure the mounting space to ensure that it allows for the minimum space 
surrounding the drive. See dimension tables and Table 2-8. 

2. Make sure the mounting surface is flat and strong enough to support the drive, is not 
flammable, and is not subject to excessive motion or vibration. 

3. Ensure that the minimum airflow requirements for your drive are met at the mounting 
location. See Table 2-9. 

4. Mark the location of the mounting holes on the mounting surface, using the template 
provided on the cover of the cardboard shipping package. 

5. Using fasteners appropriate to your drive and mounting surface, securely attach the 
drive to the mounting surface using all 4 screws or bolts . 

For more mtormat1on VISit: www.eaton.com 2-1 
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Figure 2-1: NEMA Type 1 and NEMA Type 12 SLX9000 Drive Dimensions, MF4- MF6 

Table 2-1: SLX9000 Drive Dimensions 

Approximate Dimensions in Inches (mm) 

Voltage hp IIHI H1 IH2 I H3 I 01 lo2 I 03 lw1 lw2 lwal:~. 
Frame S1ze- MF4 

230 10- 15 22.0 21.3 20.4 9.3 4.2 6.5 7.6 5.8 - .6 

480 20-30 (558) (541) (519) (237) (105) (165) (195) (148) (15.5) 

575 2-25 

2-2 For more information v1s1t: www.eaton.com 

Wt. 

IR2 Lbs. 
dia. (kg) 

.4 40.8 
(9) (19) 

Knockouts@ 
Inches (mm) 

N1 (0.0.) 
3@ 1.1 (28) 

2@ 1.5 (37) 
1@ 1.1 (28) 

3@ 1.5 (37) 

MN04003020E 

• 

• 

• 



• 

• 

• 

SLX9000 Adjustable Frequency Drives User Manual 

January 2009 
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II 
-~rr-------------------------------------~~f--~ 

Flange Opening 
W4 W3 

HS ._ _________________ H6 ----------+~f-H9 

Figure 2-2: SLX9000 Dimensions, NEMA Type 1 and NEMA Type 12 with Flange Kit, MF4- MFS 

Table 2-2: Dimensions for SLX9000, MF4- MFS with Flange Kit 

230 10-15 7.7 6.7 22.0 21.6 22.0 1.2 .8 9.3 4.2 .3 

480 20-30 (195) (170) (560) (549) (558) (30) (20) (237) (106) (7) 

575 2-25 
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Figure 2-3: SLX9000 Dimensions, NEMA Type 1 and NEMA Type 12 with Flange Opening, MF4- MF6 

Table 2-3: Dimensions for the Flange Opening, MF4 - MF6 

H7 

12.4 (315) 12.8 (325) 

16.2 (410) 16.5 (420) 

230 10- 15 7.3 (185) 6.7 (170) 6.2 (157) 21.2 (539) 21.6 (549) .3 (7) .2 (5) .3 (7) 

480 20-30 

575 "2-25 
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H1 
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Knockouts 

=-{nm[illJJI~-H3--=-=·~~ 
01 

~~ ~ ~....;:....___~ __ j 
Figure 2-4: SLX9000 Dimensions, NEMA Type 1 and NEMA Type 12, FR7 

Table 2-4: SLX9000 Dimensions, FR7 

Wt. Knockouts@ 
R1 R2 lbs. Inches (mm) 

Voltage hp IIHI H1 H2 H3 01 02 03 W1 W2 dia. dia. (kg) N1 (0.0.) 
Frame S1ze- FR7 
230V 20-30 24.8 24.2 23.2 10.1 3.0 7.3 9.3 7.5 .7 .4 77.2 3@ 1.5 (37) 

480V 40-60 (630) (614) (590) (257) (77) (184) (237) (190) (18) (9) (35) 

575V 30-40 

MN04003020E For more mformatJOn visrt. www.eaton.com 2-5 
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Figure 2-5: SLX9000 Dimensions, NEMA Type 1 and NEMA Type 12, FRS 

Table 2-5: SLX9000 Dimensions, FRS 

January 2009 
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. 

Approximate Dimensions in Inches (mm) Wt. 
~~--.------.------.------.-----,,-----.--------.------~lbs. 

01 (kg) 
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Figure 2-6: SLX9000 Dimensions, NEMA Types 1 and 12, FR7 and FRS with Flange Kit 

Table 2-6: SLX9000 Dimensions, NEMA Types 1 and 12, FR7 and FRS with Flange Kit 
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Figure 2-7: SLX9000 Dimensions, NEMA Types 1 and 12, FR7 and FRS with Flange Opening 

Table 2-7: SLX9000 Dimensions, NEMA Types 1 and 12, for the Flange Opening, FR7/FR8 

Voltage hp IIHI 
Frame Size- FR7 
230 3/4-3 
480 1-5 
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Cooling 
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Forced air flow cooling is used. 

Enough free space needs to be left above and below the drive to ensure sufficient air 
circulation and cooling. You will find the required dimensions for free space in Table 2-8. 

c 
lA {\ 

D 
tA 

LfL __ f __ f 
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rA 
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I 
I 
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~---------, : 
ll\ '" ~L------~~ : 
I I I 
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I ------~ I I 
I I I I I 
I I I I I 
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I I I I I 
I : I : I 
I -------' I I 
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---! r--s--: 
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I I 
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I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

br:~::.:.:J·•j : 
I 
I 
I 
I ------------------

Figure 2-8: Installation Space 

Table 2-8: Mounting Space Dimensions 

Approximate Dimensions in Inches (mm) 

Frame A B 

MF4 .79 (20) .79 (20) 

MF5 .79 (20) .79 (20) 

6 1.1S(30) .79 (20) 

FR7 3.15 (80) 3.15 (80) 

FRS 5.91 (150) 0) 3.15(S0) 

r;_, Extra Width IS allowed to change the fan Without d1sconnectmg cables. 

A =clearance around the drive (see also B) 
B clearance from one drive to another or distance to cabinet wall 
C free space above the drive 
0 free space underneath the drive 

Table 2-9: Required Cooling Air 

I Frame I Cooling Air Required (cfm) 

MF4 41 

MF5 112 

MF6 250 

FR7 250 

FRS 3S3 

For more mformation v1s1t www.eaton.com 

c 
3.94 (100) 

4.72 (120) 

6.30 (160) 

11 .S1 (300) 

11.S1 (300) 

0 

1.97 (50) 

2.36 (60) 

3.15 (SO) 

3.94 (100) 

7.87 (200) 
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Changing EMC Protection Class from H to T 

2-10 

The EMC protection class of SLX9000 drive frames MF4- MF6 can be changed from class H 
to class T with a simple procedure presented in Figure 2-9- 2-10. 

Remove th1s screw Remove th1s screw 

Figure 2-9: Changing of EMC Protection Class, MF4 (left) and MF5 (right), 460V 

Figure 2-10: Changing of EMC Protection Class, MF6 

Note: Do not attempt to change the EMC-Ievel back to class H. Even if the procedure above is 
reversed, the drive will no longer fulfill the EMC requirements of class H! 
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Chapter 3 - Power Wiring 

Power Connections 

B B+ R- U{T1 V/T2 W/T3 

000000 

Figure 3-1: Power Connections, MF4- MF6 

! ' 

• 

Figure 3-2: FR7 Power and Motor Wiring Terminals 

• 
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Figure 3-3: FRS Power and Motor Wiring Terminals 

Use cables with heat resistance of at least +70°C. The cables and the fuses must be 
dimensioned according to Tables 3-1 and 3-2. Installation of cables according to UL 
regulations is found on Page 3-15. 

The fuses also function as cable overload protection. 

I 

I 
-I 
I! 

'! 

These instructions apply only to cases with one motor and one cable connection from the 
drive to the motor. In any other case, ask the factory for more information. 
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Table 3-1: Cable Types Required to Meet Standards 

1st Environment 
(Restricted 
Distribution) 2nd Environment 

Cable Type LeveiH/C Levell LeveiT Level N 

Mains Cable 1 1 1 1 

Motor Cable 3:C 2 1 1 

Control Cable 4 4 4 4 

LeveiC = EN 61800-3+A 11, 1st environment, unrestricted distribution EN 61000-6-3 
LeveiH =EN 61800-3+A11, 1st environment, restricted distribution EN 61000-6-4 
Levell =EN 61800-3, 2nd environment 
Level T: Consult Eaton. 
Level N: Consult Eaton. 
1 Power cable intended for fixed installation and the specific mains voltage. Shielded cable not 

required. 
2 Power cable equipped with concentric protection wire and intended for the specific mains voltage. 
3 Power cable equipped with compact low-impedance shield and intended for the specific mains 

voltage. 
4 Screened cable equipped with compact low-impedance shield. 
-'-'' 360" groundmg of both motor and FC connectoon requored to meet the standard. 

Frames MF4- MF6, FR7, FRS: A cable entry flange should be used when installing the motor 
cable at both ends in order to reach the EMC levels. 

Note: The EMC requirements are fulfilled at factory defaults of switching frequencies (all 
frames). 

Cable and Fuse Sizes 

MN04003020E 

Use only copper wire with temperature rating of at least 75°C. 

Table 3-2: Cable and Fuse Sizes - 230V Ratings 

Frame Fuse 
Wire Size •!· 

hp Size 111AI lAP Power Ground 

1 MF4 4.8 10 14 14 
1-1/2 6.6 10 14 14 
2 7.8 10 14 14 
3 11 15 12 14 

5 MF5 17.5 20 10 10 
7-1/2 25 30 8 8 

10 MF6 31 40 8 8 
15 48 60 4 6 

20 FR7 61 80 2 6 
25 72 100 2 6 
30 87 110 1/0 4 

rv Ul recognized type RK. 
(i; Based on a maximum environment of 104"F (40"C) . 

For more information vosot: www.eaton.com 

Terminal Size 

Power Ground 

12- 16 14- 16 
12- 16 14- 16 
12- 16 14- 16 
12- 16 14- 16 

8-16 8-16 
8-18 8-16 

1/0- 14 2-10 
1/0- 14 2-10 

1/0- 14 2/0- 10 
1/0- 14 2/0- 10 
1/0- 14 2/0- 10 
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January 2009 • Table 3-3: Cable and Fuse Sizes - 480V Ratings 

Frame Fuse 
Wire Size •!• Terminal Size 

hp Size I1IAI (A)® Power Ground Power Ground 

1-1/2 MF4 3.3 10 14 14 12- 16 14-16 
2 4.3 10 14 14 12- 16 14 16 
3 5.6 10 14 14 12-16 14-16 
5 7.6 10 14 14 12- 16 14-16 

7-1/2 MF5 12 15 12 12 8-16 8-16 
10 16 20 10 10 8-16 8-16 
15 23 30 8 8 8-16 8-16 

20 MF6 31 35 8 8 1/0-14 2 10 
25 38 50 6 8 1/0-14 2 10 
30 46 60 4 6 1/0-14 2-10 

40 FR7 61 80 2 6 1/0- 14 2/0- 10 
50 72 100 2 6 1/0- 14 2/0 10 
60 87 110 1/0 4 1/0- 14 2/0- 10 

75 FRS 105 125 2/0 2 4-3/0 3/0-4 

"' UL recognized type RK. 
® Based on a maximum environment of 104°F (40°C). 

Table 3-4: Cable and Fuse Sizes - 575V Ratings 

Frame Fuse 
Wire Size··· Terminal Size 

hp Size I,IAI (A)<!1 Power Ground Power Ground 

2 MF6 3.3 10 14 14 14- 1/0 14-2 
3 4.5 10 14 14 14-1/0 14-2 
5 7.5 10 14 14 14-110 14-2 • 7-1/2 10 15 12 14 14- 1/0 14-2 

10 13.5 20 10 12 14- 1/0 14-2 
15 18 30 10 10 14- 1/0 14 2 
20 22 35 8 8 14-1/0 14-2 
25 27 40 8 8 14-1/0 14-2 

30 FR7 34 50 6 8 14-1/0 10-1/0 
40 41 60 4 6 14-1/0 10 1/0 

50 FRS 52 80 2 6 4-3/0 4-3/0 
60 62 100 1 6 4-3/0 4-3/0 
75 80 125 1/0 6 4-3/0 4-3/0 

II) UL recogn1zed type RK. 
® Based on a maximum env•ronment of 104"F (40"CJ. 

• 
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Mounting of Cable Accessories 

MN04003020E 

Enclosed with your drive you have received a plastic bag containing components that are 
needed for the installation of the mains and motor cables in the drive. 

® 
IIIII 0 

IIIII 0 

Ill II 0 

~ -- ~--- ~ ----' 

Figure 3-4: Cable Accessories 

Components: 

2 

3 

Grounding terminals (MF4, MF5) (2) 5 

Cable clamps (3) 6 

Rubber grommets (sizes vary from class 7 
to class) (3) 

Screws, M4x10 (5) 

Screws, M4x16 (3) 

Grounding cable clamps (MF6, FR7) (2) 
(FRS) (1) 

S Grounding screws M5x16 (MF6, FR7) (4) 
(FRS) (2) 

4 Cable entry gland (1) 

Note: The cable accessories installation kit for drives of protection class NEMA Type 12 
includes all components except 4 and 5 . 

For more mformatlon v1s1t www.eaton.com 3-5 
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Table 3-5: Mounting Procedure 

1 Make sure that the plastic bag you 
have received contains all necessary 
components. 

2 Open the cover of the drive. 

3 Remove the cable cover. Observe the 
places for: 

a) the grounding terminals (MF4/MF5) 

b) the grounding cable clamps (MF6, 
FR7, FR8) 

For more information VISit. www.eaton.com 
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Table 3-5: Mounting Procedure (Continued) 

4 Re-install the cable cover. Mount the 
cable clamps with the three M4x16 
screws as shown. Note that the 
location of the grounding bar in MF6, 
FR7 and FRS is different from what is 
shown in the picture. 

5 Place the rubber grommets in the 
openings as shown . 

6 Fix the cable entry gland to the frame 
ofthe drive with the five M4x10 
screws. Close the cover of the drive . 

SLX9000 Adjustable Frequency Drives User Manual 

For more information VISit. www.eaton.com 3-7 



SLX9000 Adjustable Frequency Drives User Manual 

January 2009 

Installation Guidelines 

3-8 

To ensure proper wiring, use the following guidelines: 

• Use heat-resistant copper cables only, +75°C or higher. 

• The input line cable and line fuses must be sized in accordance with the rated input 
current of the unit. See Tables 3-2- 3-4. 

• Consistent with UL listing requirements, for maximum protection of the SLX9000 drive, 
UL recognized fuses type RK5 should be used for 480V and 230V ratings. 

• If the motor temperature sensing is used for overload protection, the output cable size 
may be selected based on the motor specifications. 

• If three or more shielded cables are used in parallel for the output on the larger units, 
every cable must have its own overload protection. 

• Avoid placing the motor cables in long parallel lines with other cables. 

• If the motor cables run in parallel with other cables, note the minimum distances 
between the motor cables and other cables given in Table 3-6 below: 

Table 3-6: Cable Spacings 

Minimum Distance Between 
Cables in Feet (m) 

11 (0.31 

Cable in Feet (m) 

'-:; 164 (50) 

• The spacings of Table 3-6 also apply between the motor cables and signal cables of 
other systems. 

• The maximum length of the motor cables is as follows: 

- 1-2 hp, 230V units, 328ft. (100m) 

- All other hp units, 984ft. (300m) 

• The motor cables should cross other cables at an angle of 90 degrees. 

• If conduit is being used for wiring, use separate conduits for the input power wiring, 
the output power wiring, the signal wiring and the control wiring. 

For more information VISit. www.eaton.com MN04003020E 
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Stripping Lengths of Motor and Mains Cables 

MN04003020E 

Ground 
Conductor 

.,d 
J ~ 

Mains 

01 

Ground 
Conductor 

82 

Motor 

Figure 3-5: Stripping of Cables 

Table 3-7: Cable Stripping Lengths 

Approximate Dimensions in Inches (mm) 

Frame A1 81 C1 01 A2 

MF4 .59 (15) 1.38 (35) .39 (10) .79 (20) .28 (7) 

MF5 .79 (20) 1.57 (40) .39 (10) 1.18(30) .79 (20) 

MF6 .79 (20) 3.54 (90) .59 (15) 2.36 (60) .79 (20) 

FR7 .98 (25) 4.72 (120) .98 (25) 4.72 (120) .98 (25) 

FRS 1.10 (28) 9.45 (240) 1.10(28) 9.45 (240) 1.10(28) 

For more mformation VISit" www.eaton.com 

02 

82 C2 02 

1.97 (50) .28 (7) 1.38 (35) 

2.36 (60) .39 (10) 1.57 (40) 

3.54 (90) .59 (15) 2.36 (60) 

4.72 (120) .98 (25) 4.72 (120) 

9.45 (240) 1.10 (28) 9.45 (240) 
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Figure 3-6: SLX9000, MF4 

DC Termmals Brake Resrstor Terminals • 

Ground Terminals 

Figure 3-7: Cable Installation in SLX9000, MF4 

• 
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Figure 3-8: SLX9000, MF5 

• DC Termmals Brake Res1stor Terminals 

Ground Termmals 

Figure 3-9: Cable Installation in SLX9000, MF5 

• 
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' ' ~ ' 

Figure 3-10: SLX9000, MF6 

• 

Ground Termmals Motor Cable 

Figure 3-11: Cable Installation in SLX9000, MF6 

• 
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Installation of Cables to SLX9000, FR7 

MN04003020E 

" 

Figure 3-12: SLX9000, FR7 

.....,._ ......... ~..., 
~.,.-K:'~J71 

Figure 3-13: Cable Installation in SLX9000, FR7 

For more mformat10n v1s1t. www.eaton.com 3-13 
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Installation of Cables to SLX9000, FRS 

Supplied only when 
Brake Chopper 

included with Drive. 

i 

Figure 3-14: SLX9000, FRS 

j. 

Figure 3-15: Cable Installation in SLX9000, FRS 

3-14 For more information v1srt www.eaton.com 
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Cable Installation and the UL Standards 

To meet the UL (Underwriters Laboratories) regulations, a UL-approved copper cable with a 
minimum heat-resistance of +60/75°C must be used. 

The tightening torques of the terminals are given in Table 3-8. 

Table 3-8: Tightening Torques of Terminals 

lightening Torque 
(Nml 

.5-.6 

1.2-1.5 

4 

10 

40/22 :.!' 

35 

85 

340/187 (j) 

(!) The 1Solat1on standoff of the bus bar w1ll not withstand the listed t1ghtemng 
torque. Use a wrench to apply a counter torque when tightenmg 

Cable and Motor Insulation Checks 

MN04003020E 

1. Motor cable insulation checks 

Disconnect the motor cable from terminals U, V and W of the drive and from the motor. 
Measure the insulation resistance of the motor cable between each phase conductor as 
well as between each phase conductor and the protective ground conductor. 

The insulation resistance must be > 1 Mn . 

2. Mains cable insulation checks 

Disconnect the mains cable from terminals L 1, L2 and L3 of the drive and from the 
mains. Measure the insulation resistance of the mains cable between each phase 
conductor as well as between each phase conductor and the protective ground 
conductor. 

The insulation resistance must be > 1 Mn. 

3. Motor insulation checks 

Disconnect the motor cable from the motor and open the bridging connections in the 
motor connection box. Measure the insulation resistance of each motor winding. The 
measurement voltage must equal at least the motor nominal voltage but not exceed 
1000V. The insulation resistance must be >1MQ . 

For more information v1s1t www.eaton.com 3-15 
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Chapter 4 - Control Wiring 

Control Unit 

MF4- MF6 460V 

In frames MF4- MF6 there are two option board connectors SLOT D.and SLOT E (see Figure 
4-1). Newest software supports hardware with two board slots. Also older software versions 
can be used, but they will not support hardware with two board slots . 

Figure 4-1: Option Board Slots D and E in Frames MF4- MF6 

460Vonly. 

Allowed Option Boards in MF4 - MF6 

See below for the allowed option boards in the two slots on MF4- MF6 drives. 

SLOTD C3 C4 C6 C7 Cl CJ 

SLOTE AA AI 81 82 84 85 89 I C2 I C3 I C4 I C6 I C7 I C8 I Cl I CJ I 
When two option boards are used, the one in slot E has to be OPTAI or OPTAA. Do not use 
two OPTS_ or OPTC_ boards. Also, combinations of OPTS_ and OPTC_ boards are prohibited. 

See descriptions for OPTAA and OPTAI option boards in Appendixes Band C. 

All 230V, FR7 - FRS 460V and All 575V 

MN04003020E 

The control unit of FR7 and FRS drives consists of the control board and various option 
boards that plug into the five slot connectors (A to El of the control board. 

Galvanic isolation of the control terminals is provided as follows: 

• The control connections are isolated from power, and the GND terminals are 
permanently connected to ground. 

• The digital inputs are galvanically isolated from the 1/0 ground. 

• The relay outputs are double-isolated from each other at 300V AC . 

For more informatiOn visit: www.eaton.com 4-1 
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Option Board General Information 

The FR7 and FRS drives can accommodate a wide selection of expander and adapter option 
boards to customize the drive for your application needs. 

The drive's control unit is designed to accept a total of five option boards. Option boards are 
available for normal analog and digital inputs and outputs, communication and additional 
application-specific hardware. 

The factory-installed standard option board configuration includes an A9 1/0 board and an A2 
relay output board, which are installed in slots A and B. For information on additional option 
boards, see the 9000X Series Drives Option Board User Manual. 

Figure 4-2: Option Board Slots 

A/123011, FR7- FRS 480V and Al/575\1. 

Control Connections 

MF4- MF6 460V 

The basic control connections for MF4- MF6 are shown on Page 4-3. 

9 10 11 18 19 A B 30 

00000000 

Figure 4-3: Control Connections, MF4- MF6 460V 

4-2 For more mformation v1s1t: www.eaton.com MN04003020E 
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Table 4-1: Multi-Control Application Default Input/Output Configuration, MF4- MF6 460V 

Reference potentiometer I Terminal I Signal I Description 

1-10kil ~ ,- --
1 --

- 1 +10 Vref Reference output Voltage for potentiometer, etc. 

- 2 Al1+ Analog input, voltage range Voltage input frequency reference 
0 -10V DC L ____ _ 

- 3 Al1- l/0 Ground Ground for reference and controls 

4 Al2+ Analog input, current range Current input frequency reference 

5 AI2-/GND 0-20 mA 

- 6 +24V Control voltage output Voltage for switches, etc. max .1A 

7 GND 1/0 ground Ground for reference and controls 

8 DIN1 Start forward Contact closed =start forward -
(programmable) 

9 DIN2 Start reverse Contact closed = start reverse -
(programmable) 

10 DIN3 - Multi-step speed selection 1 Contact closed= multi-step speed 
(programmable) 

11 GND 1/0 ground Ground for reference and controls 

18 A01+ Output frequency Programmable 

- 19 A01- Analog output Range 0- 20 mA, RL max. 500!1 

- A RS-485 Serial bus Differential receiver/transmitter 

B RS-485 Serial bus Differential receiver/transmitter 

• 30 +24V 24V auxiliary input voltage Control power supply backup 

21 R01 
~ 

Relay output 1 Programmable 

22 R01 FAULT 

23 R01 __J 

Table 4-2: Al1 Configuration, When Programmed as DIN4, MF4- MF6 460V 

I Terminal l Signal I Description 

I_/--- - 1 +10 Vref Reference output Voltage for potentiometer, etc. 

2 Al1+ or Analog input, voltage range Voltage input frequency reference L ______ _ DIN4 0 -10V DC (MF2- MF3) 
- Voltage/current input frequency 

reference (MF4- MF6) 
Can be programmed as DIN4 

3 Al1- 1/0 Ground Ground for reference and controls 

4 Al2+ Analog input, current range Voltage or current input frequency 

5 AI2-/GND 0- 10V DC or current range reference 
0-20 mA 

6 +24V Control voltage output 

7 GND 1/0 ground Ground for reference and controls 

• 
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Reference potentiometer 
1 - 10 !ill 

,-~--
1 ~--
L ____ _ 

,-------
1~ 
L ____/' /
L ____/' -
I 
I 
I 
I 
I 
I
I 

__/ 
__/ 

~__/_ 
I 
I 
I READY 

I 
+ 
I 
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I RUN L-
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Table 4-3: Default 1/0 Configuration, All 230V, FR7 - FRS 460V and All 575V 
J Terminal I Signal I Description 
OPTA1 

1 + 10Vref Reference output Voltage for potentiometer, etc. 

2 Al1+ Analog input, voltage range Voltage input frequency reference 
0-10V DC 

3 Al1- l/0 Ground Ground for reference and controls 
4 Al2+ Analog input, current range Current input frequency reference 

5 Al2- 0-20 mA 

6 +24V 0 Control voltage output Voltage for switches. etc. max 0.1 A 

7 4 GND l/0 ground Ground for reference and controls 

8 DIN1 Start forward Contact closed = start forward 

9 DIN2 Start reverse Contact closed =start reverse 

10 DIN3 External fault input Contact open = no fault 
(programmable) Contact closed =fault 

11 CMA Common for DIN1- DIN3 Connect to GND or +24V 

12 +24V 0 Control voltage output Voltage for switches (see #6) 

13 4 GND 1/0 ground Ground for reference and controls 

14 DIN4 Multi-step speed select 1 DIN4 DINS Frequency ref. 

15 DINS Multi-step speed select 2 Open Open Ref.Uin 
Closed Open Multi-step ref.1 
Open Closed Multi-step ref.2 
Closed Closed RefMax 

16 DIN6 Fault reset Contact open = no action 
Contact closed =fault reset 

17 CMB Common for DIN4- DIN6 Connect to GND or +24V 

18 A01+ Output frequency Programmable 

19 A01- Analog output Range 0- 20 mA/RL, max. 5000 

20 D01 Digital output Programmable 
READY Open collector, I::;; 50 mA, U::;; 48V DC 

OPTA2 
21 R01 ==::v Relay output 1 

22 R01 RUN 

23 R01 ___j 

24 R02 ==::v Relay output 2 

25 R02 FAULT 

26 R02 ___j 

For more information vis1t: www.eaton.com MN04003020E 
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Table 4-4: Control Input/Output Terminal Signals, MF4- MF6 460V 
I Terminal I Signal I Description 

1 +10 Vref Reference voltage Maximum current 10 mA 

2 Al1+ Analog input, voltage MF4- MF6: Selection V or mA with jumQer 
(MF4 and larger: voltage or block X8 (see Page 4-3): 
current) Default: 0- 10V (Ri"' 200 kill 

0- 20 mA (Ri "' 250W) 
3 Al1- Analog input common Differential input if not connected to ground; 

Allows ±20V differential mode voltage to GND 

4 Al2+ Analog input, voltage or Selection V or mA with jumQer block X13 
current (MF4- MF6l 

Default: 0- 20mA (Ri = 250 QJ 
0- 10V (Ri"' 200 kill 

5 Al2- Analog input common Differential input; 
Allows ±20V differential mode voltage to GND 

6 24 Vout 24V auxiliary output voltage ±10%, maximum current 100 mA 

7 GND 1/0 ground Ground for reference and controls 

8 DIN1 Digital input 1 Ri min. 5 k!! 

I 9 DIN2 Digital input 2 

10 DIN3 Digital input 3 

11 GND 1/0 ground Ground for reference and controls 

18 A01+ Analog signal (+output) Output signal range: 

• 19 A01-/GND Analog output common Current 0(4)- 20 mA, RL max 5000 or 

A RS-485 Serial bus Differential receiver/transmitter, bus 
impedance 1200 

B RS-485 Serial bus Differential receiver/transmitter, bus 
impedance 1200 

30 +24V 24V auxiliary input voltage Control power supply backup 

21 R01/1 J Relay output 1 Switching capacity: 24V DC/SA 

22 R01/2 250V AC/8A 
125V DC/.4A 

23 R01/3 ----' Relay output terminals are galvanically 
isolated from the 1/0 ground 

• 
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Table 4-5: Option Board A9 Terminal Descriptions, All 230V, FR7 - FRS 460V and All 575V • Terminal Signal Description and Parameter Reference 

1 +10 Vref Reference voltage Maximum current 10 mA 

2 Al1+ Analog input, voltage Default: 0- + 10V (Ri = 200 kn) 

3 GND Analog input common 
-10V to+ 1 OV (joystick control) 
0 - 20 mA (Ri = 250 Q) 

Select V or mA with jumper block X1 
Differential input if not connected to ground; 
allows ±20V differential mode voltage to GND 

4 Al2+ Analog input Default: 0- 20 mA (Ri = 250 Q) 

5 GND/AI2- Analog input common 
0- +10V (R1 = 200 kn) 
-10V to+ 10V (joystick control) 

Select V or mA with jumper block X2 
Differential input if not connected to ground; 
allows ±20V differential mode voltage to GND 

6 24 Vout 24V control voltage (bi-directional) ±15%, 250 mA (all boards total); 150 mA (max. 
current from single board); Can be used as 
external power backup for the control (and 
fieldbus); Galvanically connected to terminal #12 

7 GND 1/0 ground Ground for reference and controls; Galvanically 
connected to terminals #13, 19 

8 DIA1 Digital input 1 Ri =min. 5 kil 

9 DIA2 Digital input 2 

10 DIA3 Digital input 3 

11 CMA Digital input common A for DIN1, Must be connected to GND or 24V of 1/0 terminal 
DIN2 and DIN3 or to external 24V or GND. Selection with 

jumper block X3. • 12 24 Vout 24V control voltage (bi-directional) Same as terminal #6; Galvanically connected to 
terminal #6 

13 GND 1/0 ground Same as terminal #7; Galvanically connected to 
terminals #7 & 19 

14 DIB4 Digital input 4 R1 =min. 5 kn 

15 DIB5 Digital input 5 

16 DIB6 Digital input 6 

17 CMB Digital input common B for DIN4, Must be connected to GND or 24V of 1/0 terminal 
DIN5 and DINS or to external 24V or GND. Select with jumper 

block X3. 

18 A01+ Analog signal (+output) Output signal range: 0- 10V default 
Current: 0(4)- 20 mA, RL max 500 nor 
Voltage: 0- 10V, RL >1 kn 
Selection with jumper block X6. 

19 A01- Analog output common Maximum Vm = 48V DC; Galvanically connected 
toterminals#7, 13 

20 D01 Digital output1 Open collector, Maximum current= 50 mA 

• 
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Table 4-6: Option Board A2 Terminal Descriptions, All 230V, FR7 - FRS 460V and All 575V 

Terminal Signal Technical Information 

21 R01/1 Normally Closed (NC) Switching Capacity: 

22 R01/2 Common 24V DC/SA 
250V AC I SA 

23 R01/3 Normally Open (NO) 125V DC I 0.4A 
Min Switching Load: SV/10 mA 
Continuous Capacity: <2 Arms 

24 R02/1 Normally Closed (NC) Switching Capacity: 

25 R02/2 Common 24V DC/SA 
250V AC I SA 

26 R02/3 Normally Open (NO) 125V DC I 0.4A 
Min Switching Load: SV/10 mA 
Continuous Capacity: <2 Arms 

Jumper Selections on SLX9000 Basic Board 

MN04003020E 

The user is able to customize the functions of the drive to better suit an application by 
selecting certain positions for the jumpers on the SLX9000 board. The positions of the 
jumpers determine the signal type of analog input (terminal #2) and whether the termination 
resistor RS-485 is used or not. 

The following figures present the jumper selections of SLX9000 drives: 

Jumper Block XB: 
Al1 Mode 

lellel• • 
~~·· 

All Mode: 0 ... 20 rnA; Current Input 

•• lelfe] 
··~~ 

All Mode: Voltage Input; 0 ... 10V 

Jumper Block X13: 
A12Mode 

lellel• • 
~~·· 

Al2 Mode: 0 ... 20 rnA; Current Input 

•• lelfe] 
··~~ 

Al2 Mode: Voltage Input; O ... lOV 

• -~lel •••l!J 
Al2 Mode: Voltage Input; O ... lOV ID1fferent1al) 

Jumper Block X9: 

1••1 
•• 

Termmat1on Res1stor RS-485 Is in Use 

•• 
1••1 

Termination Resistor RS-485 Is Not Used 

= Factory Default 

Figure 4-4: Jumper Selection for SLX9000, MF4- MF6 

For more informat1on vis1t: www.eaton.com 4-7 
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A CAUTION 
Check the correct positions of the jumpers. Running the motor with 
signal settings different from the jumper positions will not harm the 
drive but may damage the motor. 

January 2009 

Note: If you change the AI signal content also remember to change the corresponding 
parameters (S6.9.1, 6.9.2) in System Menu. 

X9 

XB 

Figure 4-5: Location of Jumper Blocks in the Control Board of MF4 - MF6, 460V 
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Motor Thermistor (PTC) Connection 

MN04003020E 

There are three ways to connect a PTC resistor to SLX9000. 

1. With optional board OPTAI (recommended method). 

SLX9000 drive equipped with OPT AI fulfills IEC 664 if the motor thermistor is insulated 
(=effective double insulation). 

2. With optional board OPTB2. 

SLX9000 drive equipped with OPTB2 fulfills IEC 664 if the motor thermistor is insulated 
(=effective double insulation). 

3. With the digital input (01N3) of SLX9000 drive. 

The DIN3 is galvanically connected to other 1/0s of SLX9000. This is why reinforced or 
double insulation of the thermistor (IEC 664) is absolutely required outside the drive (in 
the motor or between the motor and the drive). 

+24V (Terminal 6) 

External Rtsistor 
4.7 kO to 5.6 kO 

1--------- DIN3 (Terminal 10, Part 2.1.18 = 14) 

r-/ 
(v External PTC Riststor 

GND (Terminal11) 

Figure 4-6: Motor Thermistor (PTC) Connection 

Note: The drive trips when PTC impedance exceeds 4.7 k.Q. 

We strongly recommend the use of OPT AI or OPTB2 board for motor thermistor connection. 

A WARNING 
If the motor thermistor is connected to DIN3, the instructions above 
must be followed, otherwise a serious safety hazard may result 
from the connection . 
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Chapter 5 - Menu Information 

Keypad Operation 

The control keypad is the link between the SLX9000 drive and the user. The control keypad 
features an alphanumeric display with seven indicators for the Run status (RUN, 
counterclockwise, clockwise, READY, STOP, ALARM, FAULT) and three indicators for the 
control place (1/0 term/Keypad/BusComm). 

The control information, i.e. the menu number, the displayed value and the numeric 
information are represented with numeric symbols. 

The drive is operable through the seven push buttons of the control keypad. Furthermore, the 
buttons can be used in setting parameters and monitoring values. 

The keypad is detachable and isolated from the input line potential. 

Indicators on the Keypad Display 

mA V s % kHz oc °F rpm kWh 

Figure 5-1: Control Keypad and Drive Status Indications 
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Drive Status Indicators 

The drive status symbols tell the user the status of the motor and the drive. 

Table 5-1: Drive Status Indicators 

I Indicator I Description 

•mn• RUN 
Motor is running; Blinks when the stop command has been given but the - frequency is still ramping down. 

6)(0 Indicates the direction of motor rotation. 

•·U·~-
STOP 
Indicates that the drive is not running. 

•al·ta READY 
Lights up when AC power is on. In case of a fault, the symbol will not light up. 

fdllf'JI 
ALARM 
Indicates that the drive is running outside a certain limit and a warning is 
given. 

litlll• 
FAULT 
Indicates that unsafe operating conditions were encountered due to which 
the drive was stopped. 

Control Place Indicators 

The symbols 1/0 term, Keypad and Bus/Comm (see Table 5-2) indicate the choice of control 
place made in the Keypad control menu (M3) (see Table 5-6). 

Table 5-2: Control Place Indicators 

I Indicator I Description 

1/0 Terminal - 110 terminals are selected as the control place i.e. START/STOP commands or 
reference values etc. are given through the 1/0 terminals. 

Keypad ... Control keypad is selected as the control place i.e. the motor can be started or 
stopped, or its reference values etc. altered from the keypad. 

Bus/Comm 
The drive is controlled through a fieldbus. 

Numeric Indicators 

5-2 

The numeric indications provide the user with information on present location in the keypad 
menu structure as well as with information related to the operation of the drive. 

For more mformat1on vis1t. www.eaton.com MN04003020E 
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Keypad Pushbuttons 

MN04003020E 

The SLX9000 seven-segment control keypad features seven pushbuttons that are used for 
the control of the DRIVE (and motor) and parameter setting. 

Figure 5-2: Keypad Pushbuttons 

Table 5-3: Button Descriptions 
jlndicator I Description 

There are two operations integrated in this button. The button operates 
ENTER mainly as RESET button except in the parameter edit mode. The button 
reset operation is shortly described below. 

The ENTER button serves for: 
1. confirmation of selections 
2. fault history reset (2- 3 seconds) 

RESET is used to reset active faults. 
Note: The motor may start immediately after resetting the faults. 

CD 
Browser Button Up 
Browse the main menu and the pages of different submenus. 
Edit values. 

Browser Button Down 

CD Browse the main menu and the pages of different submenus. 
Edit values. 

Menu Button Left 
Move backward in menu. 

8 Move cursor left (in parameter menu). 
Exit edit mode. 
Press for 2 to 3 seconds to return to main menu. 

Menu Button Right 

G Move forward in menu. 
Move cursor right (in parameter menu). 
Enter edit mode. 

8 
START Button 
Pressing this button starts the motor if the keypad is the active control place. 
See Page 5-10. 

STOP Button 

e Pressing this button stops the motor (unless disabled by parameter P3.4). 
See Page 5-10. STOP button also serves for activating the Start-Up Wizard 
(see Page 6-4) . 

For more mformation v1s1t www.eaton.com 5-3 
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Menu Navigation 

5-4 

The data on the control keypad are arranged in menus and submenus. The menus are used 
for the display and editing of measurement and control signals, parameter settings (see 
Page 5-8) and reference value (see Page 5-11) and fault displays (see Page 5-11). 

Location-

Figure 5-3: Keypad Display Data 

The first menu level consists of menus M1 to E7 and is called the Main Menu. The user can 
navigate in the main menu with the Browser buttons up and down. The desired submenu can 
be entered from the main menu with the Menu buttons. When there still are pages to enter 
under the currently displayed menu or page, the last digit of the figure blinks and you can 
reach the next menu level by pressing Menu Button Right. 

The control keypad navigation chart is shown in Figure 5-4. Please note that menu M1 is 
located in the lower left corner. From there you will be able to navigate your way up to the 
desired menu using the menu and browser buttons. 

You will find more detailed descriptions of the menus later in this chapter. 
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Figure 5-4: Keypad Navigation Chart 
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I Code I Menu I Min. I Max. I Selections 

M1 Monitoring menu V1.1 V1.24 See Page 5-7 for the monitoring values 

P2 Parameter menu P2.1 P2.10 P2.1 = Basic parameters 
P2.2 = Input signals 
P2.3 =Output signals 
P2.4 = Drive control 
P2.5 =Prohibit frequencies 
P2.6 = Motor control 
P2.7 = Protections 
P2.8 = Autorestart 
P2.9 = PID control 
P2.10=Pump and fan control 
See the Multi-control application manual for 
detailed parameter lists 

K3 Keypad control menu P3.1 P3.6 P3.1 = Selection of control place 
R3.2 = Keypad reference 
P3.3 =Keypad direction 
P3.4 = Stop button activation 
P3.5 = PID reference 1 
P3.6 = PID reference 2 

F4 Active faults menu Shows the active faults and their types 

H5 Fault history menu Shows the fault history list 

S6 System menu S6.3 S6.10 S6.3 =Copy parameters 
S6.5 =Security 
S6.6 = Keypad settings 
S6.7 =Hardware settings 
S6.8 = System info 
S6.9 = AI mode • S6.10 = Fieldbus parameters 
Parameters are described on Page 5-13 

E7 Expanderboardmenu 

• 
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Monitoring Menu (M1) 

MN04003020E 

You can enter the Monitoring menu from the Main menu by pressing Menu Button Right 
when the location indication M1 is visible on the display. Figure 5-5 shows how to browse 
through the monitored values. 

The monitored signals carry the indication V#.# and listed in Table 5-5. The values are 
updated once every .3 seconds. 

This menu is for signal checking. The values cannot be changed. To change values of the 
parameters, see Page 5-8. 

Ci')CIZ!!J) 
G 1181 
Ml 
Ill I 

CDGZI:DI 
G IIJBD 

•~ \1 I I 
'4 I, I 

Figure 5-5: Monitoring Menu 
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Table 5-5: Monitored Signals 

I Code I Signal Name I Unit liD I Description 

V1.1 Output frequency Hz 1 Frequency to the motor 

V1.2 Frequency reference Hz 25 

V1.3 Motor speed rpm 2 Calculated motor speed 

V1.4 Motor current A 3 Measured motor current 

V1.5 Motor torque % 4 Calculated actual torque/nominal torque of the motor 

V1.6 Motor power % 5 Calculated actual power/nominal power of the motor 

V1.7 Motor voltage v 6 Calculated motor voltage 

V1.8 DC-Iink voltage v 7 Measured DC-Iink voltage 

V1.9 Unit temperature oc 8 Heatsink temperature 

V1.10 Analog input 1 13 Al1 

V1.11 Analog input 2 14 Al2 

V1.12 Analog output current mA 26 A01 

V1.13 Analog output current 1, mA 31 
expander board 

V1.14 Analog output current 2, mA 32 
expander board 

V1.15 DIN1, DIN2, DIN3 15 Digital input statuses 

V1.16 DIE1, DIE2, DIE3 33 1/0 expander board: Digital input statuses 

V1.17 R01 34 Relay output 1 status 

V1.18 ROE1, ROE2, ROE3 35 1/0 exp. board: Relay output statuses 

V1.19 DOE1 36 1/0 exp. board: Digital output 1 status 

V1.20 PID Reference % 20 In percent of the maximum process reference 

V1.21 PID Actual value % 21 In percent of the maximum actual value 

V1.22 PID Error value % 22 In percent of the maximum error value 

V1.23 PID Output % 23 In percent of the maximum output value 

V1.24 Autochange outputs 30 Used only in pump and fan control 
1, 2, 3 

Parameter Menu (P2) 

Parameter values can be edited by entering the Parameter Menu from the Main Menu when 
the location indication P2 is visible on the display. The value editing procedure is presented 
in Figure 5-6. 

Pressing Menu Button Right once takes you to the Parameter Group Menu (G#). Locate the 
desired parameter group by using the Browser buttons and press Menu Button Right again 
to see the group and its parameters. Use the Browser buttons to find the parameter (P#) you 
want to edit. Pressing Menu Button Right takes you to the edit mode. As a sign of this, the 
parameter value starts to blink. You can now change the value in two different ways: 

• Set the desired value with the Browser buttons and confirm the change with the ENTER 
button. Consequently, the blinking stops and the new value is visible in the value field. 

• Press Menu Button Right once more. Now you will be able to edit the value digit by 
digit. This may come in handy, when a relatively greater or smaller value than that on 
the display is desired. Confirm the change with the ENTER button. 
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The value will not change unless the ENTER button is pressed. Pressing Menu Button Left 
takes you back to the previous menu. 

Several parameters are locked, i.e. cannot be edited, when the drive is in RUN status. The 
drive must be stopped to edit these parameters. 

The parameter values can also be locked using the function in menu 56 (see Page 5-16). 

You can return to the Main Menu any time by pressing Menu Button Left for 1 to 2 seconds. 

The basic parameters are listed in Chapter 6. You will find the complete parameter lists and 
descriptions in the Multi-Control Application manual. 

Once in the last parameter of a parameter group, you can move directly to the first parameter 
of that group by pushing the Browser button up. 

Once in the last parameter of a parameter group, you can move directly to the first parameter 
of that group by pressing Browser Button Up. 

See the diagram for parameter value change procedure in Figure 5-6 . 

Ci).., 
G oza:, ,,,,n 

u.uu 
Hz 

e.-. 
G Gill\ \ I 

~ .... ,,,,,, 
-:-_U~U'-1 

Hz/ / \ \ 

Ci)GZriiJI 
..t. G Gill 

n u. 

Figure 5-6: Parameter Value Change Procedure 
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Keypad Control Menu (K3) 

In the Keypad Control Menu, you can choose the control place, edit the frequency reference 
and change the direction of the motor. You can enter the submenu level by pressing Menu 
Button Right. 

Table 5-6: Keypad Control Menu Selections 

I Parameters in Menu K3 I Selections 

P3.1 = Selection of control place 1 = 1/0 terminals 
2 =Keypad 
3 = Fieldbus 

R3.2 = Keypad reference 

P3.3 = Keypad direction 0 =Forward 
1 =Reverse 

P3.4 = Stop button activation 0 =Limited function of Stop button 
1 =Stop button always enabled 

P3.5 = PID reference 1 

P3.6 = PID reference 2 

Selection of Control Place 

There are three different places (sources) where the drive can be controlled. For each control 
place, a different symbol will appear on the alphanumeric display: 

• 1/0 terminals 

• Keypad (panel) 

• Fieldbus 

You can change the control place by entering the edit mode with Menu Button Right. The 
options can then be browsed with the Browser buttons. Select the desired control place with 
the ENTER button. See Figure 5-7. 

eczm, 
\ I .&. G l1/ill!l 

..... I_, T 
-'I' 
I \ 

\ 

~ 
Figure 5-7: Selection of Control Place 
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Keypad Reference 

The keypad reference submenu (R3.2) displays and allows the operator to edit the frequency 
reference. The changes will take place immediately. This reference value will not, however, 
influence the rotation speed of the motor unless the keypad has been selected as the active 
control place. 

Note: The maximum difference between the output frequency and the keypad reference is 
6 Hz. The program automatically monitors the keypad reference value. 

You may edit the reference value (pressing the ENTER button is not necessary). See 
Figure 5-6. 

Keypad Direction 

The keypad direction submenu displays and allows the operator to change the rotating 
direction of the motor. This setting will not, however, influence the rotation direction of the 
motor unless the keypad has been selected as the active control place. 

Note: See Table 5-6 for how to change the rotation direction. 

STOP Button Activated 

By default, pushing the STOP button will always stop the motor regardless of the selected 
control place. You can disable this function by giving parameter 3.4 the value 0. If the value of 
this parameter is 0, the STOP button will stop the motor only when the keypad has been 
selected as the active control place . 

Note: See Table 5-6 for how to change the value of this parameter. 

Active Faults Menu (F4) 

MN04003020E 

You can enter the Active Faults menu from the Main Menu by pressing Menu Button Right 
when the location indication F4 is visible on the keypad display. 

The memory of active faults can store a maximum of five faults in the order of appearance. 
The display can be cleared with the RESET button and the read-out will return to the same 
state it was in before the fault trip. The fault remains active until it is cleared with the RESET 
button or with a reset signal from the 1/0 terminal. 

Note: Remove external Start signal before resetting the fault to prevent unintentional restart 
of the drive. 

Figure 5-8: Normal State, No Faults 
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Fault Types 

The drive has two types of faults. These types differ from each other on the basis of the 
subsequent behavior of the drive. See Table 5-7. 

(i)IIZJ'J 
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Figure 5-9: Fault Display 

3 

Table 5-7: Fault Types 

I Fault Type Symbol I Meaning 

A (Alarm) This type of fault is a sign of an unusual operating condition. It does not cause 
the drive to stop, nor does it require any special actions. The "A fault" remains 
in the display for about 30 seconds. 

F (Fault) An "F fault" makes the drive stop. Actions need to be taken to restart the drive. 

Note: Fault Codes are listed in Appendix A. 

Fault History Menu (H5) 

You can enter the Fault History menu from the Main Menu by pressing Menu Button Right 
when the location indication H5 is visible on the keypad display. 

All faults are stored in the Fault History menu where you can browse them with the Browser 
buttons. You can return to the previous menu any time by pressing Menu Button Left. 

The memory of the drive can store a maximum of 5 faults in order of appearance. The latest 
fault is indicated by H5.1, the one before that by H5.2 and so on. lfthere are 5 uncleared faults 
in the memory, the next fault will erase the oldest fault from the memory. 

Pressing the ENTER button for about 2 to 3 seconds resets the whole fault history. 

3 @ Press to Reset 

Figure 5-10: Fault History Menu 
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System Menu (56) 

You can enter the System Menu from the Main menu by pressing Menu Button Right when 
the location indication S6 is visible on the first line of the keypad display. 

The controls associated with the general use of the drive, such as keypad settings, 
customized parameter sets or information about the hardware and software are located 
under the System Menu. 

Table 5-8 has a list of the functions available in the System Menu. 

Table 5-8: System Menu Functions 

Code Function Min. Max. Unit Default Cust. Selections 

S6.3 Copy parameters 

P6.3.1 Parameter sets 0 =Select 
1 = Store set 1 
2 =Load set 1 
3 = Store set 2 
4 =Load set 2 
5 = Load factory defaults 
6 =Fault 
7 =Wait 
8 =OK 

S6.5 Security 

P6.5.2 Parameter lock 0 1 0 0 = Change Enabled 
1 = Change Disabled 

S6.6 Keypad settings 

P6.6.1 Default page 0 1.1 

P6.6.3 Timeout time 5 65535 s 1200 

S6.7 Hardware settings 

P6.7.2 Fan control 0 0 0 = Continuous 
1 =Temperature (only sizes 
MF4 and larger) 

P6.7.3 HMI acknowledg. 200 5000 mS 200 
timeout 

P6.7.4 HMI number of 1 10 5 
retries 

S6.8 System info 

S6.8.1 Counters menu 

C6.8. 1.1 Mwh counter KWh 

C6.8. 1.2 Operating days hh:mm: 
counter ss 

C6.8.1.3 Operating hours hh:mm: 
counter ss 

S6.8.2 Trip counters 

T6.8.2.1 MWh trip counter kWh 

P6.8.2.2 Clear MWh trip 0 =No action 
counter 1 = Clear MWh trip counter 

T6.8.2.3 Operating days trip 
counter 

MN04003020E For more mformation visit www.eaton.com 5-13 
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Table 5-8: System Menu Functions (Continued) • I Code I Function I Min. I Max. I Unit I Default I Cust. I Selections 

T6.8.2.4 Operating hours hh:mm: 
trip counter ss 

P6.8.2.5 Clear operating 0 =No action 
time counter 1 = Clear T6.8.2.3, T6.8.2.4 

56.8.3 Software info 

16.8.3.1 Software package Scroll information with menu 
button right 

16.8.3.2 System SW version 

16.8.3.3 Firmware interface 

16.8.3.4 System load % 

56.8.4 Application info 

S6.8.4.1 Application 

A6.8.4.1.1 Application ID 

A6.8.4.1.2 Application version 

A6.8.4.1.3 Firmware interface 

56.8.5 Hardware info 

16.8.5.2 Unit voltage v 
16.8.5.3 Brake chopper 0 = Not present, 1 = Present 

56.8.6 Options 

S6.8.6.1 Slot E OPT- Note: the submenus do not 
show if no option board is 
installed • 16.8.6.1.1 Slot E status 1 5 1 =Connection lost 
2 = Initializing 
3= Run 
5 =Fault 

16.8.6.1.2 Slot E program 
version 

S6.8.6.2 Slot D OPT- Note: the submenus do not 
show if no option board is 
installed 

16.8.6.2.1 Slot D status , 5 1 = Connection lost 
2 = Initializing 
3= Run 
5 =Fault 

16.8.6.2.2 Slot D program 
version 

S6.9 AI mode 

P6.9.1 AIA1 mode 0 1 0 0 = Voltage input 
1 = Current.input 
(Types MF4- MF6) 

P6.9.2 AIA2 mode 0 1 1 0 =Voltage input 
1 =Current input 

56.10 Fieldbus 
parameters 

16.10.1 Communication 
status • 
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Table 5-8: System Menu Functions (Continued) 

Code 

P6.10.2 

P6.10.3 

P6.10.4 

P6.10.5 

P6. 10.6 

P6.10.7 

MN04003020E 

Function Min. Max. Unit Default Cust. Selections 

Fieldbus protocol 1 1 1 0 =Not used 
1 = Modbus protocol 

Slave address 1 255 1 Addresses 1 255 

Baud rate 0 8 5 0 = 300 baud 
1 = 600 baud 
2 = 1200 baud 
3 = 2400 baud 
4 = 4800 baud 
5 = 9600 baud 
6 = 19200 baud 
7 = 38400 baud 
8 = 57600 baud 

Stop bits 0 1 0 0=1 
1 = 2 

Parity type 0 2 0 0 =None 
1 =Odd 
2 =Even 

Communication 0 300 s 0 0 =Not used 
timeout 1 = 1 second 

2 = 2 seconds, etc. 

Copy Parameters 

The Copy parameters submenu (S6.3) is located under the System menu . 

The SLX9000 drive allows the user to store and load two customized parameter sets (all 
parameters included in the application, not the system menu parameters) and to load back 
the factory default parameter values. 

Parameter Sets {56.3.1) 

On Parameter sets page (S6.3.1 ), push the Menu Button Right to enter the Edit menu. You can 
store or load two customized parameter sets or load back the factory defaults. Confirm with 
the ENTER button. Wait until 8 (:OKI appears on the display. 

n .... 
u 

Figure 5-11: Storing and Loading of Parameter Sets 
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Security 

The Security sub.menu (S6.5) under the system menu has a function that allows the user to 
prohibit changes to the parameters. 

Parameter Lock (P6.5.2) 

If the parameter lock is activated the parameter values cannot be edited. 

Note: This function does not prevent unauthorized editing of parameter values. 

Enter the edit mode by pushing the Menu Button Right. Use the Browser buttons to change 
the parameter lock status (0 =changes enabled, 1 =changes disabled). Accept the change 
with the ENTER button or return to the previous level with the Menu Button Left. 

Keypad Settings 

n u 

Figure 5-12: Parameter Locking 

•@ 
I 

In the Keypad Settings submenu under the System menu, you can further customize your 
drive operator interface. 

Locate the Keypad Setting submenu (S6.6). Under the submenu, there are two pages (P#) 
associated with the keypad operation: 

Default Page (P6.6.1) 

Here you can set the location (page) to which the display automatically moves as the Timeout 
Time (see below) has expired or as the power is switched on to the keypad. 

Press the Menu Button Right once to enter the edit mode. Pressing the Menu Button Right 
once again makes you able to edit the number of the submenu/page digit by digit. Confirm 
the new default page value with the ENTER button. You can return to the previous step 
anytime by pushing the Menu Button Left. 

Note: If you set a page that does not exist in the menu, the display will automatically move to 
the last available page in the menu. 

For more information VISit www.eaton.com MN04003020E 

• 

• 

• 



I'.:.T•N 

• January 2009 

• 

• 
MN04003020E 

SLX9000 Adjustable Frequency Drives User Manual 

e._. 
• tGil:l 

I I 
I, I 

I .~,, 
I, I,U1" 

i -\ 

\ I I_..A.._ 
...... I ...-1 ~., 
,.. I 'I 
L'i 

A ~ Conf1rm Change 
.... ~ 

Figure 5-13: Default Page Function 

Timeout Time (P6.6.3) 

The Timeout Time setting defines the time after which the keypad display returns to the 
Default page (P6.6.1 ). 

Enter the edit mode by pressing Menu Button Right. Set the desired timeout time and 
confirm it with the ENTER button. You can return to the previous menu at any time by 
pressing Menu Button Left. 

Note: This function cannot be disabled . 

~ Conf1rm Change 
.~ 

~Cancel 

Figure 5-14: Timeout lime Setting 
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Hardware Settings 

In the Hardware settings submenu (S6.7) you can further customize the settings of the drive 
with three parameters: Fan control, HMI acknowledgement timeout and HMI retry. 

Fan Control (P6.7.2) 

Note: Only the higher power modules of MF3 have been equipped with a cooling fan, in 
lower power modules of MF3 the cooling fan is available as optional equipment. 

If the cooling fan has been installed in MF3 it runs continuously when the power is switched 
on. 

This function allows you to control the drive's cooling fan. You can set the fan to run 
continuously when the power is switched on or depending on the temperature of the unit. If 
the latter function has been selected the fan is switched on automatically when the heatsink 
temperature reaches 60°C. The fan receives a stop command when the heatsink temperature 
falls to 55°C. However the fan runs for about a minute after receiving the stop command, as 
well as after changing the value from 0 (Continuous) to 1 (Temperature). 

Enter the edit mode by pushing the Menu Button Right. The present mode shown starts to 
blink. Use the Browser buttons to change the fan mode. Accept the change with the ENTER 
button or return to the previous level with the Menu Button Left. 

HMI Acknowledge Timeout (P6. 7.3} 

This function allows the user to change the timeout of the HMI acknowledgement time. 

Note: If the drive has been connected to the PC with a normal cable, the default values of 
parameters 6.7.3 and 6.7.4 {200 and 5) must not be changed. 

If the drive has been connected to the PC via a modem and there is delay in transferring 
messages, the value of par. 6.7.3 must be set according to the delay as follows: 

Example: 

• Transfer delay between the drive and the PC = 600 ms 

• The value of par. 6.7.3 is set to 1200 mS (2 x 600, sending delay+ receiving delay) 

• The corresponding setting shall be entered in the (Misc)-part of the file NCDrive.ini: 

- Retries= 5 

- AcklimeOut = 1200 

- limeOut = 6000 

It must also be considered that intervals that are shorter than the AcklimeOut-time cannot be 
used in NC-Drive monitoring. 

Enter the edit mode by pushing the Menu Button Right. Use the Browser buttons to change 
the acknowledgement time. Accept the change with the ENTER button or return to the 
previous level with the Menu Button Left. See Figure 5-15 for how to change the HMI 
acknowledgement timeout. 
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Figure 5-15: HMI Acknowledge Timeout 

Number of Retries to Receive HMI Acknowledgement (P6. 7.4) 

·~ ... ~ 

With this parameter you can set the number of times the drive will try receive 
acknowledgement if this does not succeed within the acknowledgement time (P6.7.3) 

Enter the edit mode by pushing the Menu Button Right. The present value shown starts to 
blink. Use the Browser buttons to change the amount of retries. Accept the change with the 
ENTER button or return to the previous level with the Menu Button Left. 

System Information 

In the submenu S6.8 under the System menu you can find drive-related hardware and 
software information as well as operation-related information. 

Enter the Info menu by pressing the Menu Button Right. Now you can browse through the 
information pages with the Browser buttons . 

Counters Submenu (56.8. 1) 

In the Counters submenu (56.8. 1) you can find information related to the drive operation 
times, i.e. the total numbers of MWh, operation days and operation hours passed so far. 
Unlike the counters in the trip counters menu, these counters cannot be reset. 

Note: The operation time counter (days and hours) always runs when the power is on. 

Table 5-9: Counter Pages 

jPage j Counter 

C6.8.1.1 MWh counter 

C6.8.1.2 Operation day counter 

C6.8.1.3 Operation hour counter 
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Trip Counters Submenu (S6.8.2) 

Trip counters (menu S6.8.2) are counters with values of which can be reset i.e. restored to 
zero. You have the following resettable counters at your disposal: 

Table 5-10: Trip Counter Pages 

I Page I Counter 

C6.8.2.1 MWh counter 

P6.8.2.2 Clear mWh counter 

T6.8.2.3 Operation day counter 

T6.8.2.4 Operation hour counter 

P6.8.2.5 Clear operation time counter 

Note: The trip counters only run when the motor is running. 

Example: When you want to reset the operation counters, you should do the following: 

e.-. . ,., 
\ I ,,,-,-.,, ,.. ,.., t1 ,.. ,.. ' 

-·-·-i-\ 

Figure 5-16: MWh Counter Reset 

Software Into Submenu (S6.8.3) 

I, 
u 

I 
I 

The following information can be found under the Software Info submenu (56.8.3): 

Table 5-11: Software Information Pages 

I Page I Content 

16.8.3.1 Software package 

16.8.3.2 System software version 

16.8.3.3 Firmware interface 

16.8.3.4 System load 
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Application Information Submenu (S6.8.4) 

You can find the following information from the Application Info submenu (56.8.4): 

Table 5-12: Application Information Pages 

I Page I Content 

A6.8.4.1 Application 

06.8.4.1.1 Application 10 

06.8.4.1.2 Version 

06.8.4.1.3 Firmware interface 

Hardware Information Submenu (S.8.5) 

You can find the following information from the Hardware Info submenu (56.8.5): 

Table 5-13: Hardware Information Pages 

I Page I Content 

16.8.5.2 Unit voltage 

16.8.5.3 Brake chopper 

Connected Options Submenu (S6.8.6) 

The Connected options submenu (56.8.6) shows the following information on the option 
board connected to the drive: 

Table 5-14: Connected Options Submenu 

I Page I Content 

S6.8.6.1 Slot E option board 

16.8.6.1.1 Slot E option board status 

16.8.6.1.2 Slot E program version 

S6.8.6.2 Slot 0 option board 

16.8.6.2.1 Slot D option board status 

16.8.6.2.2 Slot 0 program version 

In this submenu you find information about the option board connected to the control board 
(see Chapter 4). 

You can check the status of the slot by entering the board submenu with the Menu Button 
Right and using the Browser buttons. Push the Menu Button Right again to display the status 
of the board. The selections are shown in Table 5-8. The keypad will also display the program 
version of the respective board when you push either one of the Browser buttons. 

For more information on the expander board-related parameters, see Page 5-26 . 
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(-,- ,.,,- , 
Jo.tJ.o;, 

I \ 

Figure 5-17: Expander Board Information Menu 

AI mode 

The parameters P6.9.1 and P6.9.2 select the analog input mode. P6.9.1 appears only in 
classes MF4 - MF6. 

0 = voltage input (par. 6.9.1 default} 
1 =current input (par. 6.9.2 default} 

Note: Make sure that the jumper selections correspond to the selections of this parameter. 
See Figure 4-4. 

Modbus Interface 

SLX9000 has a built-in Mod bus RTU bus interface. The signal level of the interface is in 
accordance with the RS-485 standard. 

RS-485 Transce1ver Control Termmal , ____________ , 
I I 

}--...-----..----l, RS-485 A : 
I I 

"-------------· 
' ' r---;--..--.--t----' RS-485 a : 
I I • ____________ .,! 

Termonal Res1stor 120Q 

X7 -> MF2 - MF3 

X9 -> MF4 - MF6 

Figure 5-18: Modbus Interface 

Protocol: Modbus RTU 

Baud rates: 300, 600, 1200, 2400, 4800, 
9600, 19200, 38700, 57600 (bit/s) 

Signal level: RS-485 (TIA/EIA-485-A} 

Input impedance: 2 k.n 
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Modbus RTU Protocol 

Modbus RTU protocol is a simple but effective fieldbus protocol. Mod bus network has a 
bus topology, where every device has an individual address. With the help of the 
individual bus addresses the commands are directed to the single devices within the 
network. Modbus supports also broadcast-type messages, that are received by every 
device of the bus. Broadcast messages are sent to the address "0" which is reserved for 
these messages. 

The protocol includes CRC error detection and parity check for preventing the handling 
of messages containing errors. In Modbus the data is transferred in hex mode a 
synchronically and a break of approximately 3.5 characters is used as an end character. 
The length of the break depends on the used baud rate. 

Table 5-15: Modbus Commands Supported by SLX9000 

Function Broadcast 
Code Function Name Address Messages 

03 Read Holding Register All ID numbers No 

04 Read Input Register AIIID numbers No 

06 Preset Single Register AIIID numbers Yes 

16 Preset Multiple Register All ID numbers Yes 

Termination Resistor 

The RS-485 bus is terminated with 1200 termination resistors in both ends. SLX9000 has a 
built-in termination resistor which is switched off as a default. See the jumper selections in 
Chapter 4. 

Modbus Address Area 

The Modbus bus of SLX9000 uses the ID numbers of the application as addresses. The ID 
numbers can be found in the parameter tables of the application manual. 

When several parameters/monitoring values are read at a time they must be consecutive. 
11 addresses can be read and the addresses can be parameters or monitoring values. 

Modbus Process Data 

Process data is an address area for fieldbus control. Fieldbus control is active when the value 
of parameter 3.1 (Control place) is 2 (= field bus). The contents of the process data has been 
determined in the application. The following tables present the process data contents in the 
Multi-Control Application . 
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Table 5-16: Output Process Data 

I Addr. I Modbus Register I Name J Scale JType 

2101 32101,42101 FB Status Word - Binary coded 

2102 32102,42102 FB General Status Word - Binary coded 

2103 32103,42103 FB Actual Speed O.Q1 % 

2104 32104,42104 Motor speed O.Q1 +!-Hz 

2105 32105,42105 Motor speed 1 +!-Rpm 

2106 32106,42106 Motor current 0.1 A 

2107 32107,42107 Motor Torque 0.1 +!-% (of nominal) 

2108 32108,42108 Motor Power 0.1 +/-% (of nominal) 

2109 32109,42109 Motor Voltage 0.1 v 
2110 32110,42110 DC Voltage 1 v 
2111 32111,42111 Active Fault - Fault code 

Table 5-17: Input Process Data 

I Addr. I Modbus Register I Name I Scale I Type 

2001 32001,42001 FB Control Word - Binary coded 

2002 32002,42002 FB General Control Word - Binary coded 

2003 32003,42003 FB Speed Reference 0.01 % 

2004 32004,42004 PID Control Reference O.Q1 % 

2005 32005,42005 PID Actual Value 0.01 % 

2006 32006,42006 - - -
2007 32007,42007 - - -
2008 32008,42008 - - -
2009 32009,42009 - - -
2010 32010,42010 - - -
2011 32011,42011 - - -

Table 5-18: Status Word 

115 114 113 112 111 110 19 Is 17 Is Is 14 13 12 11 lo 
1- 1- 1- 1- 1- 1- 1- 1- IF lz I AREFI w I FLT IDIR I RUN I RDY I 

Information about the status of the device and messages is indicated in the Status word. The 
Status word'is composed of 16 bits the meanings of which are described in Table 5-19. 

Table 5-19: Actual Speed 

115 114 113 112 111 110 19 Is 17 Is Is 14 13 12 11 lo 
IMsBI- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- I LSB I 

This is actual speed of the drive. The scaling is -10000- 10000. In the application, the value is 
scaled in percentage of the frequency area between set minimum and maximum frequency . 
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Table 5-20: Control Word 

11s 114 113 112 111 110 19 Is 17 Is Is 14 13 12 11 lo 
1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- I RST I DIR I RUN I 

in SLX9000 applications, the three first bits of the control word are used to control the drive. 
However, you can customize the content of the control word for your own applications 
because the control word is sent to the drive as such. 

Table 5-21: Speed Reference 

11s 114 113 112 111 110 19 Is 17 Is Is 14 13 12 11 lo 
IMssl- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- ILSB 

This is the Reference 1 to the drive. Used normally as Speed reference. The allowed scaling is 
-10000- 10000. In the application, the value is scaled in percentage of the frequency area 
between the set minimum and maximum frequencies. 

Table 5-22: Bit Definitions 

I Description 

Value= 0 I Value= 1 

RUN Stop Run 

DIR Clockwise Counterclockwise 

RST Rising edge of this bit will reset active fault 

RDY Drive not ready Drive ready 

FLT No fault Fault active 

w No warning Warning active 

AREF Ramping Speed reference reached 

z - Drive is running at zero speed 

F - Flux Ready 

Fieldbus Parameters 

RS-485 Communication Status (16.10.1) 

With this function you can check the status of the RS-485 bus. If the bus is not in use, this 
value is 0. 

xx.yyy 

xx = 0-64 (Number of messages containing errors) 
yyy = 0-.999 (Number of messages received correctly) 

Fieldbus Protocol (P6.70.2) 

With this function you can select the fieldbus communications protocol. 

0 =Not used 
1 = Modbus protocol 
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Slave Address (P6. 10.3) 

Sets the slave address for the Modbus protocol. You can set any address between 1 and 255. 

Baud Rate (P6. 10.4) 

Selects the baud rate used with the Modbus communication. 

0 = 300 baud 
1 = 600 baud 
2 = 1200 baud 
3 = 2400 baud 
4 = 4800 baud 
5 = 9600 baud 
6 = 19200 baud 
7 = 38400 baud 
8 = 57600 baud 

Stop Bits (P6. 10.5) 

Sets number of stop bits used in Modbus communication. 

0 = 1 stop bit 
1 = 2 stop bits 

Parity Type (P6. 10.6) 

Here you can select the type of parity checking used with the Modbus communication. 

0 =None 
1 =Odd 
2 =Even 

Communication time-out (P6. 10.7) 

If communication between two messages is broken for a longer time than that defined by this 
parameter, a communication error is initiated. If the value of this parameter is 0, the function 
is not used. 

0 =Not used 
1 = 1 second 
2 = 2 seconds, etc. 

Expander Board Menu (£7) 

The Expander board menu makes it possible for the user 1) to see which expander board is 
connected to the control board and 2) to reach and edit the parameters associated with the 
expander board. 

Enter the following menu level (E#) with the Menu Button Right. You can view and edit the 
parameter values in the same way as described on Page 5-8. 

Further Keypad Functions 

The SLX9000 control keypad embodies additional application-related functions. See Eaton's 
Multi-Control Application Manual for more information. 
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Chapter 6 - Start-Up 

Safety Precautions 
Before start-up, note the following directions and warnings: 

MN04003020E 

A WARNING 
1 Internal components and circuit boards of the drive (except 

for the galvanically isolated 1/0 terminals) are live when the 
drive is connected to mains potential. Coming into contact 
with this voltage is extremely dangerous and may cause 
death or severe injury. 

2 The motor terminals U, V, W and the DC-Iink/brake resistor 
terminals +/- are live when the drive is connected to DC 
supply, even if the motor is not running. 

3 The control I/O-terminals are isolated from the mains 
potential. However, the relay outputs and other I/O
terminals may have a dangerous control voltage present 
even when the drive is disconnected from power supply. 

4 Do not make any connections when the drive is connected 
to the power supply. 

5 After having disconnected the drive, wait until the fan stops 
and the indicators on the keypad go out (if no keypad is 
attached see the indicator through the keypad base). Wait 5 
more minutes before doing any work on drive connections. 
Do not open the cover before the time has expired. 

6 Before connecting the drive to power supply, make sure 
that the drive's front cover is closed . 
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Sequence of Operation 

6-2 

1. Carefully read the safety instructions in the front of this manual and above and follow 
them. 

2. After the installation, make sure that: 

• both the drive and the motor are grounded. 

• the power supply and motor cables comply with the requirements given in 
Chapter 3. 

• the control cables are located as far as possible from the power cables (see 
Chapter 3) and the shields of the shielded cables are connected to protective ground. 
The wires may not touch the electrical components of the drive. 

• For option boards only: make sure that the common ends of digital input groups are 
connected to +24V or ground of the 1/0 terminal or the external supply. 

3. Check the quality and quantity of cooling air. (See Chapter 2, Mounting Space 
Dimensions.) 

4. Check the inside of the drive for condensation. 

5. Check that all Start/Stop switches connected to the 1/0 terminals are in Stop position. 

6. Connect the drive to power supply. 

7. Set the parameters of group 1 according to the requirements of your application (see 
application manual). At least the following parameters should be set: 

• motor nominal voltage 

• motor nominal frequency 

• motor nominal speed 

• motor nominal current 

You will find the values needed for the parameters on the motor nameplate. 

Note: You can also run the Start-Up Wizard. See Page 6-4. 

8. Perform run test without motor. 

Perform either Test A or Test 8: 

Test A- Controls from the 1/0 terminals: 

• Turn the Start/Stop switch to ON position. 

• Change the frequency reference (potentiometer). 

• Check in the Monitoring Menu M1 that the value of Output Frequency changes 
according to the change of frequency reference. 

• Turn the Start/Stop switch to OFF position. 
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Test B- Control from the control keypad: 

• Change the control from the 1/0 terminals to the keypad as advised on Page 5-10. 

• Press the START button on the keypad. 

• Move over to the Keypad Control Menu K3 and Keypad Reference submenu (see 
Keypad Reference on Page 5-11) and change the frequency reference with the 
Browser up and down buttons. 

• Check in Monitoring Menu M1 that the value of Output Frequency changes 
according to the change of frequency reference. 

• Press the STOP button on the keypad. 

9. Run the start-up tests without the motor being connected to the process. If this is not 
possible, make sure that running each test is safe prior to running it. Inform your co
workers of the tests. 

• Switch off the supply voltage and wait until the drive has stopped as advised on 
Page 6-1, Safety Precautions. 

• Connect the motor cable to the motor and to the motor cable terminals of the drive. 

• Make sure that all Start/Stop switches are in Stop positions. 

• Switch the supply voltage ON. 

• Repeat test SA or SB . 

10. Connect the motor to the process (if the start-up test was run without the motor being 
connected). 

• Before running the tests, make sure that this can be done safely. 

• Inform your co-workers of the tests. 

• Repeat test SA or SB . 
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Start-Up Wizard 

6-4 

SLX9000 has a built-in start-up wizard, that speeds up the programming of the drive. The 
wizard helps you choose between four different operating modes, Standard, Fan, Pump and 
High Performance. Each mode has automatic parameter settings optimized for the mode in 
question. The programming wizard is started by pressing the STOP button for 5 seconds, 
when the drive is in stop mode. See Figure 6-1 for the procedure: 

Start-Up Wizard 

Start 

... . . 
: :=Push the button .. ... 

Mode rpmn 

. . . . . . .· .. . . . . . . . . 

ln(A) 

:Jnn 
_rO,u 

''b~~~ .. . . . . . . 
(il Push 5 seconds 
~to activate (In 

stop model 

. . . 
(:;)Select the GJ3 Accept • 
~mode. See ~ ~ 

table belowl ~ 

(AI Tune f5J Accept 
~ n(rpm) L::J 

•, •, (C)Tune 
•,•, ~I(A) 

0Accept 

. 
. ··················-~·-·;,;·················-~~---··············· .. 

~ ~ - ~ .. . . ·~ ~ 
o- .~ --E~ -E«D § 5 ~ ] 1 ! .. - ~ 
~ - c 0 ~ c,(~~~~ ooJ; g.~ ~ 
i;;~QI ::1 0 0 v; v; :;, g <( 

NM~;!~~ N M: ~ 
NNNNNN~N N ~ N ... .. .. .. .. .. .. .. .. .. .. .. .. 
0 50 3 3 IH .. , 5 480V 60 0= 0= 0= 0= 0= 

cd Hz Hz • s <:D Hz Ramp Coasttng Not Ao1 Not 
Used 0- 10V Used 

51-d 
Standa 

20 50 20 20 ll*1.1 480V 60 0= 0= 0= 0= 0= 
Hz Hz s s 0 Hz Ramp Coastmg Not At! Not 

Used 0- 10V Used 

FAn 
:Fan 

20 50 5 5 ,l .. ,,, 480V 60 0= 1 = 0= 0= 0-
Hz Hz s s 1)) Hz Ramp Ramp Not Ail Not 

Used 0- tOV Used 
1PU 
:Pump 

0 50 1 1 IH*1.8 480V 60 0= 0= 1 = 0= 0= 
Hz Hz s s (1_1 Hz Ramp Coast.ng Automatic Ail Not 

Torque 0- tOV Used 
1HP 
1 Htgh 
•.,Performance Boost 

0 ;; 
0 
u 

.. 
1/0 

1/0 

1/0 

1/0 

. . · •............................................................• · 
0 In 208- 230V dnves, this value is 230V. 

.. . . . . . . . . . . . . . . . . 

~-®-
~)}~ 

..(/.. -----

Figure 6-1: SLX9000 Start-Up Wizard 

& IMPORTANT 
Start-Up Wizard returns all other parameters to factory defaults! 

Note: See the application manual for detailed parameter descriptions. 
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Chapter 7 - Basic Application 

MN04003020E 

On the next pages you will find the list of parameters that are essential for the 
commissioning of the drive. You will find more details of these and other special parameters 
in Chapter 9. 

Note: If you wish to edit the special parameters, you must set the value of par. 2.1.22 to 0. 

Column explanations: 

Code 

Parameter 

Min 

Max 

Unit 

Default 

Cust 

ID 

Location indication on the keypad; Shows the operator the present param. 
number 

Name of parameter 

Minimum value of parameter 

Maximum value of parameter 

Unit of parameter value; Given if available 

Value preset by factory 

Customer's own setting 

ID number of the parameter (used with PC tools) 

On the parameter code: parameter value can only be changed after the drive 
has been stopped . 
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Monitoring Values (Control Keypad: Menu M1 l 

7-2 

The monitoring values are the actual values of parameters and signals as well as statuses 
and measurements. Monitoring values cannot be edited. See Page 5-7 for more information. 

Table 7-1: Monitoring Values 

I Code I Parameter I Unit lro I Description 

V1.1 Output frequency Hz 1 Frequency to the motor 

V1.2 Frequency reference Hz 25 

V1.3 Motor speed rpm 2 Calculated motor speed 

V1.4 Motor current A 3 Measured motor current 

V1.5 Motor torque % 4 Calculated actual torque/nominal torque 
of the unit 

V1.6 Motor power % 5 Calculated actual power/nominal power 
of the unit 

V1.7 Motor voltage v 6 Calculated motor voltage 

V1.8 DC-I ink voltage v 7 Measured DC-Iink voltage 

V1.9 Unit temperature oc 8 Heatsink temperature 

V1.10 Analog input 1 v 13 Al1 

V1.11 Analog input 2 14 Al2 

V1.12 Analog output current 26 A01 

V1.13 Analog output current 1, expander board mA 31 

V1.14 Analog output current 2, expander board mA 32 

V1.15 DIN1, DIN2, DIN3 15 Digital input statuses 

V1.16 DIE1, DIE2, DIE3 33 1/0 expander board: Digital input statuses 

V1.17 R01 34 Relay output 1 status 

V1.18 ROE1, ROE2, ROE3 35 110 exp. board: Relay output statuses 

V1.19 DOE1 36 1/0 exp. board: Digital output 1 status 

V1.20 PID Reference % 20 In percent of the maximum frequency 

V1.21 PID Actual value % 21 In percent of the maximum actual value 

V1.22 PID Error value % 22 In percent of the maximum error value 

V1.23 PID Output % 23 In percent of the maximum output value 

V1.24 Autochange outputs 1, 2, 3 30 Used only in pump and fan control 

V1.25 Mode 66 Shows the current drive configuration 
mode selected with start-up wizard: 
0 = No mode selected (Default) 
1 =Standard 
2 =Fan 
3 =Pump 
4 = High performance 

For more mformation v1s1t www.eaton.com M N04003020E 

• 

• 

• 



SL.X9000 Adjustable Frequency Drives User Manual 

• January 2009 

Parameter List 
Table 7-2: Basic Parameters (Control Keypad: Menu P2 ~ 82.1 I 
Code Parameter Min. Max. Unit Default Cust. ID Note 

P2.1.1 Min. frequency 0.00 Par. 2.1.2 Hz 0.00 101 

P2.1.2 Max. frequency Par. 320.00 Hz 50.00 102 NOTE: If fmax >than the motor 
2.1.1 synchronous speed, check 

suitability for motor and drive 
system 

P2.1.3 Acceleration time 1 0.1 3000.0 s 1.0 103 

P2.1.4 Deceleration time 1 0.1 3000.0 s 1.0 104 

P2.1.5 Current limit 0.1 X IL 1.5 X IL A IL 107 NOTE: Formulas apply 
approximately for drives up to 
MF3. For greater sizes, consult 
the factory. 

P2.1.6 Nominal voltage of 180 690 v 240V:230V 110 

'"' the motor 480V:400V 

P2.1.7 Nominal frequency 30.00 320.00 Hz 50.00 111 Check the rating plate of the 
~,e of the motor motor 

P2.1.8 Nominal speed of 300 20 000 rpm 1440 112 The default applies for a 4-pole 
'1; the motor motor and a nominal size 

drive. 

P2.1.9 Nominal current of 0.3 X IL 1.5 X IL A IL 113 Check the rating plate of the 
}; the motor motor 

• P2.1.10 Motor cosq> 0.30 1.00 0.85 120 Check the rating plate of the 
T motor 

P2.1.11 Start function 0 1 0 505 0 =Ramp 

'"' 1 =Flying start 

P2.1.12 Stop function 0 1 0 506 0 =Coasting 
1 =Ramp 

P2.1.13 V/f optimization 0 1 0 109 0 =Not used 
1 =Automatic torque boost 

P2.1.14 l/0 reference 0 4 0 117 0 = Al1 
1 = Al2 
2 = Keypad reference 
3 = Fieldbus reference 
(FBSpeedReference) 
4 = Motor potentiometer 

P2.1.15 Al2 signal range 1 2 2 390 Not used if Al2 Custom min 
>0% or Al2 custom max. 
<100% 
1 = 0-20 rnA 
2 = 4-20 rnA 
3 = 0 -10V 
4:2-10V 

• 
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Table 7-2: Basic Parameters (Control Keypad: Menu P2 ~ 82.11 (Continued) • Code Parameter Min. Max. Unit Default Cust. ID Note 

P2.1.16 Analog output 0 12 1 307 0 =Not used 
function 1 =Output freq. (0- fmaxl 

2 = Freq. reference (0- fmaxl 
3 = Motor speed (0- Motor 
nominal speed) 
4 =Output current (0- lnMotorl 
5 = Motor torque (0- T nMotorl 
6 =Motor power (0- PnMotorl 
7 = Motor voltage (0- UnMotorl 
8 =DC-I ink volt (0- UnMotorl 
9 = PI controller ref. value 
10 = PI contr. act. value 1 
11 = PI contr. error value 
12 = PI controller output 

P2.1.17 DIN2 function 0 10 1 319 0 =Not used 
(f) 1 = Start Reverse 

2 =Reverse 
3 =Stop pulse 
4 = External fault, cc 
5 = External fault, oc 
6 = Run enable 
7 = Preset speed 2 
8 = Motor pot. UP (cc) 
9 = Disable PID (Direct freq. 
reference) 
10 = Interlock 1 

P2.1.18 DIN3 function 0 16 6 301 0 =Not used 
ID 1 =Reverse • 2 = External fault, cc 

3 = External fault, oc 
4 = Fault reset 
5 = Run enable 
6 = Preset speed 1 
7 = Preset speed 2 
8 = DC-braking command 
9 = Motor pot. UP (cc) 
10 = Motor pot. DOWN (cc) 
11 = Disable PID (PID control 
selection) 
12 = PID Keypad ref. 2 
selection 
13 = Interlock 2 
14 =Thermistor input (See 
Page4-9) 
15 = Force CP to 1/0 
16 =.Force CP to Field bus 

P2.1.19 Preset speed 1 0.00 Par. 2.1.2 Hz 10.00 105 

P2.1.20 Preset speed 2 0.00 Par. 2.1.2 Hz 50.00 106 

P2.1.21 Automatic restart 0 1 0 731 0 =Not used 
1 =Used 

P2.1.22 Parameter conceal 0 1 1 115 0 =All parameters and menus 
visible 
1 =Only group P2.1 and 
menus M1- H5 visible 

• 
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Chapter 8 - Multi-Control Application 

Introduction 

MN04003020E 

The Multi-Control Application of the Cutler-Hammer® SLX9000 drive by Eaton's electrical 
business uses direct frequency reference from the analog input 1 as a default. However, a PID 
controller can be used (for example, in pump and fan applications), which offers versatile 
internal measuring and adjusting functions. 

The direct frequency reference can be used for the control without the PID controller and it 
can be selected from the analog inputs, fieldbus, keypad, preset speeds or motor 
potentiometer. 

Special parameters for Pump and Fan Control (Group P2.10) can be browsed and edited after 
changing the value of par 2.9.1 to 2 (Pump and fan control activated). 

The PID controller reference can be selected from the analog inputs, fieldbus, PID keypad 
reference 1 or by enabling the PID keypad reference 2 via digital input. The PID controller 
actual value can be selected from the analog inputs, field bus or the actual values of the 
motor. PID controller can also be used when the drive is controlled via fieldbus or the control 
keypad. 

• Digital inputs DIN2, DIN3, (DIN4) and optional digital inputs DIE1, DIE2, DIE3 are freely 
programmable. 

• Internal and optional digital/relay and analog outputs are freely programmable. 

• Analog input 1 can be programmed as current input, voltage input or digital input 
DIN4. 

Note: If the analog input 1 has been programmed as DIN4 with parameter 2.2.6 (AI1 Signal 
Range), check that the jumper selections (Figure 9-1) are correct. 

Additional functions: 

• The PID controller can be used from control places 1/0, keypad and field bus 

• Identification 

• Programming wizard 

• Sleep function 

• Actual value supervision function: fully programmable; off, warning, fault 

• Programmable Start/Stop and Reverse signal logic 

• Reference scaling 

• 2 Preset speeds 

• Analog input range selection, signal scaling, inversion and filtering 

• Frequency limit supervision 

• Programmable start and stop functions 

• DC-brake at start and stop 

• Prohibit frequency area 

• Programmable VHz curve and VHz optimization 

For more mformatJon v1s1t: www.eaton.com 8-1 
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• Adjustable switching frequency 

• Autorestart function after fault 

• Protections and supervisions (all fully programmable; off, warning, fault): 

- Current input fault 

- External fault 

- Output phase 

- Undervoltage 

- Ground fault 

- Motor thermal, stall and underload protection 

- Thermistor 

- Fieldbus communication 

- Option board 

For more mformation visit: www.eaton.com 
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Control Input/Output 
Table 8-1: Multi-Control Application Default Input/Output Configuration, MF4- MF6 460V 

Reference potentiometer I Terminal I Signal I Description 

~-~--
1 L...C_ __ 
L ____ _ 

-
-

-

-

-

-

-

-
-

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

18 

19 

A 

8 

30 

21 

22 

23 

+10Vref 

Al1+ 

Al1-

Al2+ 

Al2-
/GND 

+24V 

GND 

DIN1 

DIN2 

DIN3 

GND 

A01+ 

A01-

RS485 

RS485 

+24V 

R01 

R01 

R01 

Reference output 

Analog input, voltage range 
0-10V DC 

1!0 Ground 

Analog input, voltage range 
0- 10V DC, or current range 
0/4-20 mA 

Control voltage output 

1/0 ground 

Start forward 

Start reverse 
(programmable) 

Multi-step speed selection 1 
(programmable) 

1/0 ground 

Output frequency 
Analog output 

Serial bus 

Serial bus 

24V aux. input voltage 

~ 
Relay output 1 

FAULT 
______. 

Table 8-2: Al1 Configuration, When Programmed as DIN4 

Voltage for potentiometer, etc. 

Voltage input frequency reference 
Can be programmed as DIN4 

Ground for reference and controls 

Current input frequency reference 

Voltage for switches, etc. max 0.1A 

Ground for reference and controls 

Contact closed = start forward 

Contact closed = start reverse 

Contact closed = multi-step speed 

Ground for reference and controls 

Programmable 
Range 0- 20 mA, RL max. 500!1 

Differential receiver/transmitter 

Differential receiver/transmitter 

Control power supply backup 

Programmable 

I Terminal I Signal I Description 

1_/ --- - 1 +10Vref Reference output Voltage for potentiometer, etc. 

2 Al1+ Analog input, voltage range Voltage/current input frequency 

L ______ _ or 0 -10V DC reference 
- DIN 4 Can be programmed as DIN4 

3 Al1- 1/0 Ground Ground for reference and controls 

4 Al2+ Analog input, current range Current input frequency reference 

5 Al2- 0-20 mA 

/GND 

6 +24V Control voltage output 

7 GND l/0 ground Ground for reference and controls 

MN04003020E For more mformation visit www.eaton.com 8-3 



SLX9000 Adjustable Frequency Drives User Manual 

Reference potentiometer 
1- 10 kD. 

~-~--
1 ~--
L ____ _ 

,-------
1 ____/, 

L~-
L ____/ -
I 
I 
I 
I ~ ,-
I 
~ I 

1- + 
I I 
I ~- I 
t- T 
I I 
I :e I READY 
1-- --0--- +--
I I 
I I 
I L_ L RUN 

--0- ----

8-4 

220V- -n-
AC- -~--

-----..........-

-
-

-

-

-
-
-

-
-

-

-

-
-
-

-
-

-
-
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Table 8-3: Default 1/0 Configuration, All 230V, FR7 - FRS 460V and All 575V 

I Terminal I Signal I Description 
OPTA1 

1 +10Vref Reference output Voltage for potentiometer, etc. 

2 Al1+ Analog input, voltage range Voltage input frequency reference 
0 -10V DC 

3 Al1- 1/0 Ground Ground for reference and controls 

4 Al2+ Analog input, current range Current input frequency reference 

5 Al2- 0-20 mA 

6 +24V 4~ Control voltage output Voltage for switches. etc. max 0.1A 

7 4 GND 1/0 ground Ground for reference and controls 

8 DIN1 Start forward Contact closed =start forward 

9 DIN2 Start reverse Contact closed =start reverse 

10 DIN3 External fault input Contact open =no fault 
(programmable) Contact closed =fault 

11 CMA Common for DIN1- DIN3 Connect to GND or +24V 

12 +24V U Control voltage output Voltage for switches (see #6) 

13 4 GND 1/0 ground Ground for reference and controls 

14 DIN4 Multi-step speed select 1 DIN4 DINS Frequency ref. 

15 DINS Multi-step speed select 2 Open Open Ref.Um 
Closed Open Multi-step ref.1 
Open Closed Multi-step ref.2 
Closed Closed RefMax 

16 DIN6 Fault reset Contact open = no action 
Contact closed =fault reset 

17 CMB Common for DIN4- DIN6 Connect to GND or +24V 

18 A01+ Output frequency Programmable 

19 4 A01- Analog output Range 0- 20 mNRL, max. SOOn 

20 D01 Digital output Programmable 
READY Open collector, I :5: 50 mA, U :5: 48V DC 

OPTA2 

21 R01 =:Y Relay output 1 

22 R01 RUN 

23 R01 __j 

24 R02 =:Y Relay output 2 

25 R02 FAULT 

26 R02 __j 
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Parameter Lists 

MN04003020E 

On the next pages you will find the lists of parameters within the respective parameter 
groups. The parameter descriptions are given in Chapter 9. 

Column explanations: 

Code 

Parameter 
Min. 

Max. 
Unit 

Default 

Cust 
ID 

Location indication on the keypad; Shows the operator the present 
parameter number 
Name of parameter 
Minimum value of parameter 

Maximum value of parameter 
Unit of parameter value; Given if available 
Value preset by factory 

Customer's own setting 

ID number of the parameter (used with PC tools) 
(1) On the parameter code: parameter value can only be changed after the drive 

has been stopped . 
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Monitoring Values (Control Keypad: Menu M1) 

8-6 

The monitoring values are the actual values of parameters and signals as well as statuses 
and measurements. Monitoring values cannot be edited. See Page 5-7 for more information. 

Table 8-4: Monitoring Values 

I Code I Parameter I Unit liD I Description 

V1.1 Output frequency Hz 1 Frequency to the motor 

V1.2 Frequency reference Hz 25 

V1.3 Motor speed rpm 2 Calculated motor speed 

V1.4 Motor current A 3 Measured motor current 

V1.5 Motor torque % 4 Calculated actuaOI torque/nom. torque of 
the motor 

V1.6 Motor power % 5 Calculated actual power/nom. power of 
the motor 

V1.7 Motor voltage v 6 Calculated motor voltage 

V1.8 DC-Iink voltage v 7 Measured DC-I ink voltage 

V1.9 Unit temperature oc 8 Heat sink temperature 

V1.10 Analog input 1 13 Al1 

V1.11 Analog input 2 14 Al2 

V1.12 Analog output current mA 26 A01 

V1.13 Analog output current 1, expander board mA 31 

V1.14 Analog output current 2, expander board mA 32 

V1.15 DIN1, DIN2, DIN3 15 Digital input statuses 

V1.16 DIE1, DIE2, DIE3 33 1/0 expander board: Digital input statuses 

V1.17 R01 34 Relay output 1 status 

V1.18 ROE1, ROE2, ROE3 35 1/0 exp. board: Relay output statuses 

V1.19 DOE1 36 l/0 exp. board: Digital output 1 status 

V1.20 PID Reference % 20 In percent of the maximum process 
reference 

V1.21 PID Actual value % 21 In percent of the maximum actual value 

V1.22 PID Error value % 22 In percent of the maximum error value 

V1.23 PID Output % 23 In percent of the maximum output value 

V1.24 Autochange outputs 1, 2, 3 30 Used only in pump and fan control 

V1.25 Mode 66 Shows current operation mode selected 
with start-up wizard: 
0 = Not selected 
1 =Standard 
2 =Fan 
3 =Pump 
4 = High Performance 
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Basic Parameters (Control Keypad: Menu P2-+ P2. 1} 

Table 8-5: Basic Parameters P2.1 
I Code I Parameter I Min. I Max. I Unit I Default I Cust liD 

P2.1.1 Min frequency 0.00 Par. 2.1.2 Hz 0.00 101 

P2.1.2 Max frequency Par. 320.00 Hz 50.00 102 
2.1.1 

P2.1.3 Acceleration time 1 0.1 3000.0 s 1.0 103 

P2.1.4 Deceleration time 1 0.1 3000.0 s 1.0 104 

P2.1.5 Current limit 0.1 X IL 1.5 X IL A IL 107 

P2.1.6 0 Nominal voltage of 180 690 v 400V 110 
the motor 

P2.1.70 Nominal frequency 30.00 320.00 Hz 50.00 111 
of the motor 

P2.1.8 <D Nominal speed of 300 20 000 rpm 1440 112 
the motor 

P2.1.9 0 Nominal current of 0.3 X IL 1.5 X IL A IL 113 
the motor 

P2.1.10'D Power factor 0.30 1.00 0.85 120 

P2.1.11 <•J Start function 0 1 0 505 

P2.1.12 Stop function 0 1 0 506 

P2.1.13 VHz optimization 0 1 0 109 

P2.1.14 1/0 reference 0 5 0 117 

P2.1.15 Al2 signal range 1 4 2 390 

MN04003020E For more mformation visit. www.eaton.com 

I Note 

NOTE: If fmax >than the motor 
synchronous speed, check 
suitability for motor and drive 
system 

NOTE: Consult the factory. 

Check the rating plate of the motor 

The default applies for a 4-pole 
motor and a nominal size drive. 

Check the rating plate of the motor 

Check the rating plate of the motor 

0 =Ramp 
1 = Flying start 

0 =Coasting 
1 =Ramp 

0 =Not used 
1 = Automatic torque boost 

0 = Al1 
1 = Al2 
2 = Keypad reference 
3 = Fieldbus reference 
(FBSpeedReference) 

4 = Motor potentiometer 
5 = AI1/AI2 selection 

Not used if Al2 Custom min <> 0% 
or Al2 custom max.<> 100% 
1 = 0-20 mA 
2 = 4-20 mA 
3 = OV -10V 
4 = 2V -10V 
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Table 8-5: Basic Parameters P2.1, continued • I Code I Parameter I Min. I Max. I Unit I Default I Cust 110 I Note 

P2. 1.16 Analog output 0 12 1 307 0 =Not used 
function 1 =Output freq. (0- fmaxl 

2 = Freq. reference (0- fmaxl 
3 =Motor speed (0- Motor nominal 
speed) 
4 =Output current (0- lnMotorl 
5 = Motor torque (0- T nMotorl 
6 =Motor power (0- PnMotorl 
7 =Mot. voltage (0- VnMotorl 
8 = DC-I ink volt (0- 1 OOOV) 
9 =PI controller ref. value 
10 =PI contr. act. value 1 
11 = PI contr. error value 
12 =PI controller output 

P2.1.17<D DIN2 function 0 10 1 319 0 =Not used 
1 =Start Reverse (DIN1 =Start 
forward) 
2 =Reverse (DIN1 =Start) 
3 =Stop pulse (DIN1 =Start pulse) 
4 = External fault, cc 
5 = External fault, oc 
6 = Run enable 
7 = Preset speed 2 
8 =Motor pot. UP (cc) 
9 = Disable PID (Direct freq. 
reference) 
10 =Interlock 1 

P2. 1.18 •!) DIN3 function 0 17 6 301 0 =Not used 
1 =Reverse • 2 =External fault, cc 
3 = External fault, oc 
4 = Fault reset 
5 = Run enable 
6 = Preset speed 1 
7 = Preset speed 2 
8 = DC-braking command 
9 =Motor pot. UP (cc) 
10 =Motor pot. DOWN (cc) 
11 = Disable PID (Direct freq. 
reference) 
12 = PID Keypad ref. 2 selection 
13 = Interlock 2 
14 =Thermistor input 
Note! See Page 4-9 
15 = Force control place to 1/0 
16 = Force control place to Fieldbus 
17 = AI1/AI2 selection for 1/0 
reference 

• 
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Table 8-5: Basic Parameters P2.1, continued 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD 

P2.1.19 Preset speed 1 0.00 Par. Hz 10.00 
2.1.2 

P2.1.20 Preset speed 2 0.00 Par. Hz 50.00 
2.1.2 

P2.1.21 Automatic restart 0 1 0 

P2.1.22 Parameter conceal 0 1 0 

Input Signals (Control Keypad: Menu P2-+ P2.2) 

Table 8-6: Input Signals, P2.2 

105 

106 

731 

115 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD 

P2.2.1 CD Expander board 0 13 7 368 
DIE1 function 

P2.2.2 (iJ Expander board 0 13 4 330 
DIE2 function 

P2.2.3 •Il Expander board 0 13 11 369 
DIE3 function 

P2.2.4 DIN4 function (AI1) 0 13 2 499 

P2.2.5 Al1 signal selection 0 10 377 

P2.2.6 Al1 signal range 1 4 3 379 

MN04003020E For more information v1s1t www.eaton.com 

I Note 

0 =Not used 
1 =Used 

0 =All parameters and menus 
visible 
1 =Only group P2.1 and menus M 1 
to HS visible 

I Note 

0 =Not used 
1 =Reverse 
2 = External fault, cc 
3 = External fault, oc 
4 = Fault reset 
5 = Run enable 
6 = Preset speed 1 
7 = Preset speed 2 
8 = DC-braking command 
9 = Motor pot. UP (cc) 
10 =Motor pot. DOWN (cc) 
11 =Disable PID (PID control 
selection) 
12 = PID Keypad ref. 2 selection 
13 = Interlock 1 

Same as parameter 2.2.1, except: 
13 = Interlock 2 

Same as parameter 2.2.1, except: 
13 = Interlock 3 

Used if P2.2.6 = 0 
Selections same as in parameter 2.2.3 

10 = Al1 (1 =Local, 0 =input 1) 
11 = Al2 (1 = Local, 1 = input 2) 
20 = Exp. Al1 (2 = exp. board, 0 = 
input 1) 
21 = Exp Al2 (2 = exp. board, 1 = 
input 2) 

0 = Digital input 4 
1 = 0-20 mA 
2 = 4-20 mA 
3=0-10V 
4= 2 -10V 
Not used if Al2 Custom min> 0% or 
Al2 custom max. < 100% 
Note! See Page 5-22 
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Table 8-6: Input Signals, P2.2, continued • I Code I Parameter I Min. I Max. I Unit I Default I Cust 110 I Note 

P2.2.7 Al1 custom 0.00 100.00 % 0.00 380 
minimum setting 

P2.2.8 Al1 custom 0.00 100.00 % 100.00 381 
maximum setting 

P2.2.9 Al1 inversion 0 1 0 387 0 = Not inverted 
1 =Inverted 

P2.2.10 Al1 filter time 0.00 10.00 s 0.10 378 0 = No filtering 

P2.2.11 Al2 signal selection 0 11 388 Same as parameter 2.2.5 

P2.2.12 Al2 signal range 1 4 2 390 Not used if Al2 Custom min<> 0% or 
Al2 custom max.<> 100% 
1 = 0-20 mA 
2 = 4-20 mA 
3 = OV- 10V 
4 = 2V -10V 

P2.2.13 Al2 custom 0.00 100.00 % 0.00 391 
minimum setting 

P2.2.14 Al2 custom 0.00 100.00 % 100.00 392 
maximum setting 

P2.2.15 Al2 inversion 0 1 0 398 0 = Not inverted 
1 =Inverted 

P2.2.16 Al2 filter time 0.00 10.00 s 0.10 389 0 = No filtering 

P2.2.17 Motor 0 2 1 367 0 =No reset 
potentiometer 1 = Reset if stopped or powered 
frequency reference down 
memory reset 2 = Reset if powered down • P2.2.18 Reference scaling 0.00 P2.2.19 0.00 344 Does not affect the field bus reference 
minimum value (Scaled between par. 2.1.1 and par. 

2.1.2) 

P2.2.19 Reference scaling P2.2.18 320.00 0.00 345 Does not affect the field bus reference 
maximum value (Scaled between par. 2.1.1 and par. 

2.1.2) 

P2.2.20 Keypad control 0 5 2 121 0 = Al1 
reference selection 1 = Al2 

2 =Keypad reference 
3 = Fieldbus reference 
(FBSpeedreference) 
4 = Motor potentiometer 
5 = PID controller 

P2.2.21 Fieldbus control 0 5 3 122 See above 
reference selection 

• 
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Output Signals (Control Keypad: Menu P2-+ P2.3) 

Table 8-7: Output Signals, G2.3 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD 

P2.3.1 Relay output 1 0 20 3 313 
function 

P2.3.2 Expander board 0 19 2 314 
relay output 1 
function 

P2.3.3 Expander board 0 19 3 317 
relay output 2 
function 

P2.3.4 Expander board 0 19 1 312 
digital output 1 
function 

P2.3.5 Analog output 0 12 1 307 
function 

P2.3.6 Analog output 0.00 10.00 s 1.00 308 
filter time 

P2.3.7 Analog output 0 1 0 309 
inversion 

P2.3.8 Analog output 0 1 0 310 
minimum 

P2.3.9 Analog output 10 1000 % 100 311 
scale 

P2.3.10 Expander board 0 12 0 472 
analog output 1 
function 

P2.3.11 Expander board 0 12 0 479 
analog output 2 
function 

P2.3.12 Output frequency 0 2 0 315 
limit 1 
supervision 

P2.3.13 Output frequency 0.00 Par. Hz 0.00 316 
limit 1; 2.1.2 
Supervised value 

MN04003020E For more information v1sit www.eaton.com 

I Note 

0 =Not used 
1 =Ready 
2 =Run 
3 =Fault 
4 = Fault inverted 
5 = FC overheat warning 
6 =Ext. fault or warning 
7 = Ref. fault or warning 
8 =Warning 
9 =Reversed 
10 =Preset speed 
11 =At speed 
12 = Mot. regulator active 
13 = OP freq. limit superv.1 
14 =Control place: 10 
15 =Thermistor fault/ warning 
16 =Actual value supervision 
17 = Autochange 1 control 
18 = Autochange 2 control 
19 = Autochange 3 control 
20 = AI supervision 

Same as parameter 2.3.1 

Same as parameter 2.3.1 

Same as parameter 2.3.1 

See parameter 2.1.16 

0 =No filtering 

0 = Not inverted 
1 =Inverted 

O=OmA 
1 =4mA 

Same as parameter 2.1.16 

Same as parameter 2.1.16 

0 =No limit 
1 = Low limit supervision 
2 = High limit supervision 
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I Code I Parameter I Min. I Max. I Unit I Default I Cust liD I Note 

P2.3.14 Analog input 0 2 0 356 0 =Not used 
supervision 1 = Al1 

2 =AI2 

P2.3.15 AI supervision 0.00 100.00 % 10.00 357 
OFF limit 

P2.3.16 AI supervision ON 0.00 100.00 % 90.00 358 
limit 

P2.3.17 Relay output 1 ON 0.00 320.00 s 0.00 487 ON delay for R01 
delay 320.00t--P2.3.18 Relay output 1 0.00 0.00 488 OFF delay for R01 
OFF delay 

Drive Control Parameters (Control Keypad: Menu P2 ~ P2.4) 

Table 8-8: Drive Control Parameters, P2.4 

!Code I Parameter I Min. I Max. j Unit j Default I Cust liD I Note 

P2.4.1 Ramp 1 shape 0.0 10.0 s 0.0 500 

P2.4.2 (v Brake chopper 0 3 0 

P2.4.3 DC braking 0.15 X In 1.5 X In A Varies 
current 

P2.4.4 DC braking time 0.00 600.00 s 0.00 508 0 DC brake is off at stop • at stop 

P2.4.5 Frequency to start 0.10 10.00 Hz 1.50 515 
DC braking during 
ramp stop 

P2.4.6 DC braking time 0.00 600.00 0.00 = DC brake is off at start 
at start 

P2.4.7 Flux brake 0 0 

P2.4.8 Flux braking 0.0 Varies 0.0 
current 

Prohibit Frequency Parameters (Control Keypad: Menu P2 ~ P2.5) 

Table 8-9: Prohibit Frequency Parameters, P2.5 

!Code I Parameter I Min. I Max. !Unit I Default I Note 

P2.5.1 Prohibitfrequency 0.0 0.0 0 =Not used 
range 1 low limit 

P2.5.2 Prohibit frequency 0.0 Par. Hz 0.0 0 =Not used 
range 1 high limit 2.1.2 

P2.5.3 Prohibit 0.1 10.0 times 1.0 518 Multiplier of the currently selected 
frequencies ace./ ramp time between prohibit 
dec. ramp scaling frequency limits 

• 
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Motor Control Parameters (Control Keypad: Menu P2-+ P2.6) 

Table 8-10: Motor Control Parameters, P2.6 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD 

P2.6.1 <D Motor control 0 1 0 600 
mode 

P2.6.2 <D VHz ratio selection 0 3 0 108 

P2.6.3 _;;. Field weakening 30.00 320.00 Hz 50.00 602 
point 

P2.6.4rv Voltage at field 10.00 200.00 % 100.00 603 
weakening point 

P2.6.5 'D VHz curve 0.00 par. Hz 50.00 604 
midpoint P2.6.3 
frequency 

P2.6.6 0 VHz curve 0.00 100.00 % 100.00 605 
midpoint voltage 

P2.6.7 <D Output voltage at 0.00 40.00 % 0.00 606 
zero frequency 

P2.6.8 Switching 1.0 16.0 kHz 6.0 601 
frequency 

P2.6.9 Overvoltage 0 1 1 607 
controller 

P2.6.10 Undervoltage 0 1 1 608 
controller 

P2.6.11 Identification 0 1 0 631 

Protections (Control Keypad: Menu P2-+ P2. 7) 

Table 8-11: Protections, P2.7 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD 

P2.7.1 Response to 4 mA 0 3 0 700 
reference fault 

P2.7.2 Response to 0 3 2 701 
external fault 

P2.7.3 Response to 1 3 2 727 
undervoltage fault 

P2.7.4 Output phase 0 3 2 702 
supervision 

P2.7.5 Ground fault 0 3 2 703 
protection 

P2.7.6 Thermal 0 3 2 704 
protection of the 
motor 

P2.7.7 Motor ambient -100.0 100.0 % 0.0 705 
temperature factor 

MN04003020E For more mlormation v1sit: www.eaton.com 

I Note 

0 = Frequency control 
1 = Speed control 

0 =Linear 
1 =Squared 
2 = Programmable 
3 = Linear with flux optim. 

n% X Unmot 

n% X Unmot 
Parameter max. value= par. 2.6.4 

n% X Unmot 

Depends on hp 

0 =Not used 
1 =Used 

0 =Not used 
1 =Used 

0 =No action 
1 = ID no run 

I Note 

0 = No response 
1 =Warning 
2 =Fault, stop ace. to 2.1.12 
3 = Fault, stop by coasting 

0 = No response 
1 =Warning 
2 = Fault. stop ace. to 2.1.12 
3 = Fault. stop by coasting 
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Table 8-11: Protections, P2.7, continued 
Code Parameter Min. Max. Unit Default Cust ~te 
P2.7.8 Motor cooling 0.0 150.0 % 40.0 706 

factor at zero 
speed 

P2.7.9 Motor thermal 1 200 min 45 707 
time constant 

P2.7.10 Motor duty cycle 0 1oo I% 100 708 

P2.7.11 Stall protection 0 

3~1 P2.7.12 Stall current limit 0.1 In 1nmotor X 
X 2 1.3 

P2.7.13 Stall time limit 1.00 120 15.00 

P2.7.14 Stall frequency 1.0 P2. 25.0 
limit 

P2.7.15 Underload 0 3 0 713 Same as parameter 2.7.1 
protection 

P2.7.16 Underload curve 10.0 150.0 % 50.0 714 
at nominal 
frequency 

P2.7.17 derload curve 5.0 10.0 f---1;-t zero frequency 

P2.7.18 Underload 2.00 600.00 20.00 
protection time 
limit 

P2.7.19 Response to 0 3 2 732 
thermistor fault 

P2.7.20 Response to 0 3 2 733 
fieldbus fault 

P2.7.21 Response to slot 0 3 2 734 
fault 

! 

P2.7.22 Actual value 0 4 0 735 
supervision 

P2.7.23 Actual value 0.0 100.0 % 10.0 736 
supervision limit 

P2.7.24 Actual value 0 3600 s 5 737 
supervision delay 

Autorestart Parameters (Control Keypad: Menu P2-+ P2.8} 

Table 8-12: Autorestart Parameters, P2.8 
Code Parameter Min. Max. Unit Default ~ 
P2.8.1 Wait time 0.10 10.00 s 0.50 717 

P2.8.2 Trial time 0.00 60.00 s 30.00 718 

P2.8.3 Start function 0 2 0 719 

8-14 For more mformation v1s1t www.eaton.com 

Same as parameter 2.7.1 

Same as parameter 2.7.1 

Same as parameter 2.7.1 

0 No response 
1 =Warning if below limit 
2 =Warning if above limit 
3 Fault, if below limit 
4 =Fault, if above limit 

Note 

0 =Ramp 
1 = Flying start 
2 =According to par. 2.4.6 
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PID Reference Parameters (Control Keypad: Menu P2-+ P2.9) 

Table 8-13: PID Reference Parameters, P2.9 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD 

P2.9.1 PID activation 0 1 0 163 

P2.9.2 PID reference 0 3 2 332 

P2.9.3 Actual value input 0 6 1 334 

P2.9.4 PID controller gain 0.0 1000.0 % 100.0 118 

P2.9.5 PID controller 1-time 0.00 320.00 s 10.00 119 

P2.9.6 PID controller D- 0.00 10.00 s 0.00 132 
time 

P2.9.7 Actual value 1 -1000.0 1000.0 % 0.00 336 
minimum scale 

P2.9.8 Actual value 1 -1000.0 1000.0 % 100.0 337 
maximum scale 

P2.9.9 Error value 0 1 0 340 
inversion 

P2.9.10 Sleep frequency Par. Par. Hz 10.00 1016 
2.1.1 2.1.2 

P2.9. 11 Sleep delay 0 3600 s 30 1017 

P2.9.12 Wake up level 0.00 100.00 % 25.00 1018 

P2.9.13 Wake up function 0 3 0 1019 

MN04003020E For more mformation visit www.eaton.com 

I Note 

0 =Not used 
1 = PID controller activated 
2 = Pump & fan control active, group 
P2.10 visible 

0 = Al1 
1 = Al2 
2 = Ref. from keypad (PID Ref 1) 
3 = Fieldbus reference 
(ProcessDataiN1) 

0 = Al1 signal 
1 = Al2 signal 
2 = Fieldbus (ProcessDataiN2) 
3 = Motor torque 
4 = Motor speed 
5 = Motor current 
6 =Motor power 

0 = No minimum scaling 

100 =No maximum scaling 

0 =Wake-up at fall below wake-up 
level (2.9.12) 
1 =Wake-up at exceeded wake-up 
level (2.9.12) 
2 =Wake-up at fall below wake-up 
level (PID ref) 
3 =Wake-up at exceeded wake-up 
level (PID ref) 
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Pump and Fan Control Parameters (Control Keypad: Menu P2 ~ P2. 10) 

Note: Group P2.10 is visible only if the value of par 2.9.1 is set to 2. 

Table 8-14: Pump and Fan Control Parameters, P2.10 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD I Note 

P2.10.1 Number of auxiliary 0 3 1 1001 
drives 

P2.10.2 Start delay, 0.0 300.0 s 4.0 1010 
auxiliary drives 

P2.10.3 Stop delay, 0.0 300.0 s 2.0 1011 
auxiliary drives 

P2.10.4 Autochange 0 4 0 1027 0 =Not used 
1 = Autochange with aux pumps 
2 = Autochange with drive & aux 
pumps 
3 = Autochange and interlocks (aux 
pumps) 
4 = Autochange and interlocks (drive 
& aux pumps) 

P2.10.5 Autochange 0.0 3000.0 h 48.0 1029 0.0 = TEST = 40 s 
interval Elapsed time for autochange 

P2.10.6 Autochange; 0 3 1 1030 Autochange level for auxiliary drives 
Maximum number 
of auxiliary drives 

P2.10.7 Autochange 0.00 par. Hz 25.00 1031 Autochange frequency level for 
frequency limit 2.1.2 variable speed drive 

P2.10.8 Start frequency, Par. 320.00 Hz 51.00 1002 
auxiliary drive 1 2.10.9 

P2.10.9 Stop frequency, Par. Par. Hz 10.00 1003 
auxiliary drive 1 2.1.1 2.10.8 

Keypad Control (Control Keypad: Menu K3) 

The parameters for the selection of control place and direction on the keypad are listed in 
Table 8-15. See the Keypad Control Menu on Page 5-10. 

Table 8-15: Keypad Control Parameters, K3 

I Code I Parameter I Min. I Max. I Unit I Default I Cust liD I Note 

P3.1 Control place 1 3 1 125 1 = 1/0 terminal 
2 =Keypad 
3 = Fieldbus 

R3.2 Keypad reference Par. Par. Hz 
2.1.1 2.1.2 

P3.3 Direction (on 0 1 0 123 0 =Forward 
keypad) 1 =Reverse 

R3.4 Stop button 0 1 1 114 0 = Limited function of Stop button 
1 =Stop button always enabled 

R3.5 PID reference 0.00 100.00 % 0.00 

R3.6 PID reference 2 0.00 100.00 % 0.00 Selected with digital inputs 
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System Menu (Control Keypad: Menu 56) 

For parameters and functions related to the general use of the drive, such as customized 
parameter sets or information about the hardware and software, see Page 5-13. 

Expander Boards (Control Keypad: Menu El) 

MN04003020E 

The E7 menu shows the expander boards attached to the control board and board-related 
information. For more information, see Page 5-26 . 
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Chapter 9 - Description of Parameters 

Basic Parameters 

M N 04003020 E 

2.1.1 Minimum frequency 
2.1.2 Maximum frequency 

10101 
10102 

Defines the frequency limits of the drive. The maximum value for parameters 2.1.1 
and 2.1.2 is 320Hz. 

The software will automatically check the values of parameters 2.1.19, 2.1.20, 2.3.13, 
2.5.1, 2.5.5 and 2.6.5. 

2.1.3 Acceleration time 1 
2.1.4 Deceleration time 1 

10103 
10104 

These limits correspond to the time required for the output frequency to 
accelerate from the zero frequency to the set maximum frequency (par. 2.1.2). 

2.1.5 Current limit 10107 

2.1.6 

This parameter determines the maximum motor current from the drive. To avoid 
motor overload, set this parameter according to the rated current of the motor. The 
current limit is equal to the rated converter current (IL) by default. 

Nominal voltage of the motor 10110 

Find this value V non the motor nameplate. This parameter sets the voltage at the 
field weakening point (parameter 2.6.4) to 100% x Unmotor-

2.1.7 Nominal frequency ofthe motor 10111 

2.1.8 

2.1.9 

2.1.10 

Find this value fn on the motor nameplate. This parameter sets the field weakening 
point (parameter 2.6.3) to the same value. 

Nominal speed of the motor 10112 

Find this value nn on the motor nameplate. 

Nominal current of the motor 10113 

Find this value In on the motor nameplate. 

Power Factor 10120 

Find this value on the motor nameplate . 
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2.1.11 Start function 

Ramp: 

10505 

0 

Flying start: 

1 

The drive starts from 0 Hz and accelerates to maximum frequency 
within the set acceleration time. (Load inertia or starting friction may 
cause prolonged acceleration times). 

The drive is able to start into a running motor by applying a small 
torque to motor and searching for the frequency corresponding to the 
speed the motor is running at. Searching starts from the maximum 
frequency towards the actual frequency until the correct value is 
detected. Thereafter, the output frequency will be increased/decreased 
to the set reference value according to the set acceleration/deceleration 
parameters. 
Use this mode if the motor is coasting when the start command is 
given. With the flying start, it is possible to ride through short utility 
voltage interruptions. 

2.1.12 Stop function 

Coasting: 

10506 

0 

Ramp: 

1 

The motor coasts to a halt without control from the drive after the Stop 
command. 

After the Stop command, the speed of the motor is decelerated 
according to the set deceleration parameters. 
If the regenerated energy is high it may be necessary to use an external 
braking resistor for faster deceleration. 

2.1.13 V /Hz optimization 10109 

0 

1 

Note: 

Not used 

Automatic torque boost 
The voltage to the motor changes automatically which makes the motor 
produce sufficient torque to start and run at low frequencies. The 
voltage increase depends on the motor type and power. Automatic 
torque boost can be used in applications where starting torque due to 
starting friction is high, e.g. in conveyors. 

In high torque -low speed applications- it is likely that the motor will 
overheat. If the motor has to run a prolonged time under these 
conditions, special attention must be paid to cooling the motor. Use 
external cooling for the motor if the temperature tends to rise too high . 
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2.1.14 1/0 Reference selection 10117 

Defines the selected frequency reference source when the drive is controlled from 
the 1/0 terminal. 

0 

1 

2 

3 

4 

5 

Al1 reference (terminals 2 and 3, e.g. potentiometer) 

Al2 reference (terminals 5 and 6, e.g. transducer) 

Keypad reference (parameter R3.2) 

Reference from Fieldbus (FBSpeedReference) 

Motor potentiometer reference 

AI1/AI2 selection. Selection of Al2 is made programmable by DIN3 
Function (P2.1.18) 

2.1.15 Al2 (lin) signal range 10390 

1 

2 

3 

4 

Signal range 0- 20 mA 

Signal range 4- 20 mA 

Signal range 0- 10V 

Signal range 2- 10V 

Note: The selections have no effect if par. 2.2.12 > 0%, or par. 2.2.13 < 100% . 

2.1.16 Analog outputfunction 10307 

This parameter selects the desired function for the analog output signal. 
See Table 8-5 for the parameter values . 
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2.1.17 DIN2 function ID319 

This parameter has 10 selections. If digital input DIN2 is not used, set the parameter 
value to 0. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Start reverse 

Reverse 

Stop pulse 

External fault 
Contact closed: Fault is displayed and motor stopped when the input is 
active 

External fault 
Contact open: Fault is displayed and motor stopped when the input is 
not active 

Run enable 

Contact open: Start of motor disabled 

Contact closed: Start of motor enabled 

Coast stop if dropped during RUN 

Preset speed 2 

Motor potentiometer UP 

Contact closed: Reference increases until the contact is opened. 

Disable the PID-controller (Direct frequency reference) 

Interlock 1 (can only be selected when pump and fan control is active, 
P2.9.1=2) 
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2.1.18 DIN3 function ID301 
The parameter has 13 selections. If digital input DIN3 is not used, set the parameter 
value to 0. 

1 Reverse 

Contact open: Forward 
Contact closed: Reverse 

2 External fault 
Contact closed: Fault is displayed and motor stopped when the input is 
active 

3 External fault 
Contact open: Fault is displayed and motor stopped when the input is 
not active 

4 Fault reset 
Contact closed: All faults reset 

5 Run enable 
Contact open: Start of motor disabled 
Contact closed: Start of motor enabled 
Coast stop if dropped during RUN 

6 Preset speed 1 

• 7 Preset speed 2 

8 DC braking command 
Contact closed: In Stop mode, the DC braking operates until the contact 
is opened. DC-braking current is about 10% of the value selected with 
par. 2.4.3. 

9 Motor potentiometer UP 

Contact closed: Reference increases until the contact is opened. 

10 Motor potentiometer DOWN. 
Contact closed: Reference decreases until the contact is opened 

11 Disable the PID-controller (Direct frequency reference) 

12 PID Keypad reference 2 selection 

13 Interlock 2 (can only be selected when pump and fan control is active, 
P2.9.1=2) 

14 Thermistor input (See Page 4-9) 

15 Force control place to 1/0 

16 Force control place to Fieldbus 

17 AI1/AI2 selection for 1/0 Reference (par 2.1.14) 

2.1.19 Preset speed 1 ID105 
2.1.20 Preset speed 2 ID106 

Parameter values are automatically limited between the minimum and maximum 

• frequencies (par. 2.1.1 and 2.1.2) . 
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2.1.21 Automatic restart function ID731 

The automatic restart is taken into use with this parameter. 

0 Disable 

1 Enabled (3 automatic restarts, see par. 2.8.1 - 2.8.3) 

2.1.22 Parameter conceal ID115 

With this parameter you can hide all other parameter groups except the basic 
parameter group (82.1 ). 
The factory default of this parameter is 0. 

0 

1 

Disabled (all parameter groups can be browsed with the keypad) 

Enabled (only the basic parameters, 82.1, can be browsed with the 
keypad) 

Input Signals 

9-6 

2.2.1 Expander board DIE1 function ID368 

This parameter has 12 selections. If the expander board digital input DIN1 is not 
used, set the parameter value to 0. 

Selections are the same as in parameter 2.1.18, except: 

13 Interlock 1 

2.2.2 Expander board DIE2 function ID330 

The selections are the same as in parameter 2.2.1, except: 

13 Interlock 2 

2.2.3 Expander board DIE3 function ID369 

The selections are the same as in parameter 2.2.1, except: 

13 Interlock 3 

2.2.4 DIN4 Function ID499 

If the value of par. 2.2.6 is set to 0, Al1 functions as digital input 4. 

The selections are the same as in parameter 2.2.3. 

Note: If you program the analog input as DIN4, check that the jumper selections are 
correct (see Figure 9-1). 

Jumper Block XS: 

••filfil 
• •l!Jl!J 

Voltage Input; 0 ... lOV 

Figure 9-1: Jumper Selections of X4/X8 When Al1 Functions as DIN4 
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2.2.5 Al1 signal selection 10377 

Connect the Al1 signal to the analog input of your choice with this parameter . 

,, 
lY 

Location Indicator_/ / 
Input Number 

Figure 9-2: Al1 Signal Selection 

.,_.change 
Value 

The value of this parameter is built from the board indicator and the respective input 
terminal number. See Figure 9-2 above. 

Board indicator 1 

Board indicator 2 

Input number 0 

Input number 1 

Input number 2 

Input number 9 

Example: 

= Local inputs 

=Expander board inputs 

=Input 1 

=Input 2 

=Input 3 

=Input 10 

If you set the value ofthis parameter to 10, you have selected the local input 1 for the 
Al1 signal. Again, if the value is set to 21, the expander board input 2 has been 
selected for the Al1 signal. 

If you want to use the values of analog input signal for testing purposes only, you 
can set the parameter value to 0-9. In this case, value 0 corresponds to 0%, value 1 
corresponds to 20% and any value between 2 and 9 corresponds to 100% . 
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2.2.6 Al1 signal range 10379 

With this parameter you can select the Al1 signal range. 

0 DIN 4 

1 Signal range 0- 20 mA 

2 Signal range 4- 20 mA 

3 Signal range 0- 10V 

4 Signal range 2- 10V 

Note: The selections have no effect if par. 2.2.7 > 0%, or par. 2.2.8 < 100%. 

If the value of par. 2.2.6 is set to 0, Al1 functions as digital input 4. See par. 2.2.4. 

2.2.7 Al1 custom setting minimum 10380 
2.2.8 Al1 custom setting maximum 10381 

Set the custom minimum and maximum levels for the Al1 signal within 0- 10V. 

2.2.9 Al1 signal inversion 10387 

By setting the parameter value to 1 the Al1 signal inversion takes place. 

2.2.10 Al1 signal filter time 10378 

This parameter, given a value greater than 0, activates the function that filters out 
disturbances from the incoming analog Vin signal. 

Long filtering time makes the regulation response slower. See Figure 9-3. 

t lsi 

Figure 9-3: Al1 Signal Filtering 

2.2.11 Al2 signal selection 10388 

Connect the Al2 signal to the analog input of your choice with this parameter. See 
par. 2.2.5 for the value setting procedure. 
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2.2.12 Al2 signal range 

1 Signal range 0- 20 mA 

2 Signal range 4- 20 mA 

3 

4 

Signal range 0- 10V 

Signal range 2- 10V 

10390 

Note: The selections have no effect if par. 2.2.13 > 0%, or par. 2.2.14 < 100%. 

2.2. 13 Al2 custom minimum 
2.2.14 Al2 custom maximum 

10391 
10392 

These parameters allow you to scale the input current signal between 0 and 20 mA. 

Similar to parameters 2.2.7 and 2.2.8. 

2.2.15 Analog input Al2 signal inversion 

See corresponding parameter 2.2.9. 

2.2.16 Analog input Al2 signal filter time 

See corresponding parameter 2.2.10. 

2.2.17 Motor potentiometer memory reset 
(Frequency reference) 

No reset 

10398 

10389 

10367 

0 

1 

2 

Memory reset in stop and powerdown 

Memory reset in powerdown 
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2.2.18 Reference scaling minimum value 
2.2.19 Reference scaling maximum value 

ID344 
ID345 

0 

You can choose a scaling range for the frequency reference between the Minimum 
and Maximum frequency. If no scaling is desired set the parameter value to 0. 

In Figure 9-4, voltage input Al1 with signal range 0- 10V is selected for reference. 

Output 
Frequency 

~~:.!~~e~c_y_ !e!£~ ____ _ 

10 

Analog 
Input [VJ 

10345 

10344 

0 

Output 
Frequency 

~~-_i~~e~c_y_ !e!£~ ____ _ 

Mm. Frequency 10101 

10 

Figure 9-4: Without (left) and With (Right) Reference Scaling 

Analog 
Input [V] 

2.1.20 Keypad frequency reference selection ID121 
Defines the selected reference source wh.en the drive is controlled from the keypad. 

0 Al1 reference (by default Al1, terminals 2 and 3, e.g. potentiometer) 

1 

2 

3 

4 

5 

Al2 reference (by default Al2, terminals 5 and 6, e.g. transducer) 

Keypad reference (parameter 3.2) 

Reference from Fieldbus (FBSpeedReference) 

Motor potentiometer reference 

PID-controller reference 

2.2.21 Fieldbus frequency reference selection ID122 

Defines the selected reference source when the drive is controlled from the field bus. 
For the parameter values, see par. 2.2.20. 

Output Signals 

2.3.1 Relay output 1 function ID313 

2.3.2 Expander board relay output 1 function ID314 

2.3.3 Expander board relay output 2 function ID317 

2.3.4 Expander board digital output 1 function ID312 
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Table 9-1: Output Signals via R01 and Expander Board R01, R02 and 001 

I Setting value I Signal content 

0 Not used Out of operation 

Relay output R01 and expander board programmable relays (R01, R02) are activated when: 

1 Ready The drive is ready to operate 

2 Run The drive operates (motor is running) 

3 Fault A fault trip has occurred 

4 Fault inverted A fault trip not occurred 

5 Drive overheat warning The heatsink temperature exceeds +70°C 

6 External fault or warning Fault or warning depending on par. 2.7.2 

7 Reference fault or warning Fault or warning depending on par. 2.7.1- if analog 
reference is 4- 20 mA and signal is <4 mA 

8 Warning Always if a warning exists 

9 Reversed The reverse command has been selected 

10 Preset speed A preset speed has been selected 

• 11 At speed The output frequency has reached the set reference 

12 Motor regulator activated Overvoltage or overcurrent regulator was activated 

13 Output frequency limit 1 The output frequency goes outside the set supervision low 
supervision limit/high limit (see parameters 2.3.12 and 2.3.13 below) 

14 Control from 1/0 terminals Selected control place (Menu K3; par. 3.1) is "I/O terminal" 

15 Thermistor fault or warning The thermistor input of option board indicates 
overtemperature. Fault or warning depending on 
parameter 2.7.19. 

16 Actual value supervision Parameters 2.7.22- 2.7.24 
active 

'· 

17 Autochange 1 control Pump 1 control, parameters 2.10.1- 2.10.7 

18 Autochange 2 control Pump 2 control, parameters 2.10.1- 2.10.7 

19 Autochange 3 control Pump 3 control, parameters 2.10.1- 2.10.7 

20 AI supervision The relay energizes according to settings of parameters 
2.3.14- 2.3.16 . 

• 
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2.3.5 Analog output function 10307 

This parameter selects the desired function for the analog output signal. 

See Table 8-5 for the parameter values. 

2.3.6 Analog output filter time 10308 

Defines the filtering time of the analog output signal. 

If you set value 0 for this parameter, no filtering takes place. 

t [s[ 

Figure 9-5: Analog Output Filtering 
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2.3. 7 Analog output invert 10309 

Inverts the analog output signal: 

Maximum output signal = 0% 

Minimum output signal = Maximum set value (parameter 2.3.9) 

0 

1 

Not inverted 

Inverted 

See parameter 2.3.9 below. 

Analog 
Output 

Current 

20mA 

12mA 

10mA 

4mA 

OmA 
0 

I Max. Value of Signal 
Selected with 10307 

1.0 

Figure 9-6: Analog Output Invert 

2.3.8 Analog output minimum 10310 

Sets the signal minimum to either 0 mA or 4 mA (living zero). Note the difference in 
the analog output scaling in parameter 2.3.9. 

2.3.9 Analog output scale 10311 

Scaling factor for the analog output. 
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Table 9-2: Analog Output Scaling 

Jsignal 

Output frequency 

Motor speed 

Output current 

Motor torque 

Motor power 

Motor voltage 

DC-I ink voltage 

PI-ref. value 

PI act. value 1 

PI error value 

PI output 

Analog 
Output 
Current 

20mA 

12mA 

10mA 

10310 = 1 
4mA 

J Max. value of the signal 

100% X fmax 

100% x Motor nom. speed 

1 00% X In Motor 

1 00% X T nMotor 

1 00% X P nMotor 

100% X Vnmotor 

1000 v 
100% x ref. value max. 

100% x actual value max. 

100% x error value max. 

100% x output max. 

10311 = 200% 10311 = 

I 
I 
I ---------,Max. Value 
I of Signal 
I Selected 

10310 = o .ll[::::--------------+-...:.by.:...._I0...:.3.:...07 _ _. 
0 rnA 0 0.5 1.0 

Figure 9-7: Analog Output Scaling 

2.3.10 Expander board analog output 1 function 
2.3.11 Expander board analog output 2 function 

10472 
10479 

January 2009 

These parameters select the desired functions for the expander board analog output 
signals. See par. 2.1.16 for the parameter values. 
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2.3.12 Output frequency limit 1 supervision 
function 

10315 

0 

1 

2 

No supervision 

Low limit supervision 

High limit supervision 

If the output frequency goes under/over the set limit (par. 2.3.13) this function 
generates a warning message via the relay outputs depending on the settings of 
parameters 2.3.1 - 2.3.4. 

2.3.13 Output frequency limit 1 supervised value 10316 

Selects the frequency value supervised by parameter 2.3.12. 

fiHzl 

10316 

10315 = 2 

~---,1 I 

Figure 9-8: Output Frequency Supervision 

2.3.14 Analog input supervision 10356 

With this parameter you can select the analog input to be supervised. 

0 Not used 

1 

2 

Al1 

Al2 

2.3.15 Analog input supervision OFF limit 10357 

When the signal of analog input selected with par. 2.3.14 falls under the limit set with 
this parameter, the relay output goes off. 

2.3.16 Analog input supervision ON limit 10358 

When the signal of analog input selected with par. 2.3.14 goes over the limit set with 
this parameter, the relay output goes on. 

This means that if for example ON limit is 60% and OFF limit is 40%, the relay goes 
on when signal goes over 60% and remains on until it falls under 40%. 
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2.3.17 Relay output 1 ON delay 10487 

2.3.18 Relay output 1 OFF delay 10488 

With these parameters you can set on- and off-delays to relay output 1 (par 2.3.1 ). 

S1gnal Programmed ----------1 
to Relay Output 

ROt Output ----------!-
1
---! 

I 
I• •I 
ON-Delay 

ID487 

I 
I 
I 
I 
I• •I 
OFF-Delay 

ID488 

Figure 9-9: Relay Output 1 ON- and OFF-Delays 

Drive Control 

9-16 

2.4.1 Acceleration/Deceleration ramp 1 shape 10500 

The start and end of the acceleration and deceleration ramps can be smoothed with 
this parameter. Setting value 0 gives a linear ramp shape which causes acceleration 
and deceleration to act immediately to the changes in the reference signal. 

Setting value 0.1 -10 seconds for this parameter produces an S-shaped acceleration/ 
deceleration. The acceleration time is determined with parameters 2.1.3/2.1.4. 

Hz 

/ : 
I 

I I .---. 
ID500 (2.4.1) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I .---. 
ID500 (2.4.1) 

Figure 9-10: Acceleration/Deceleration (S-Shaped) 
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2.4.2 Brake chopper ID504 

Note: An internal brake chopper is installed. 

0 

1 

3 

No brake chopper used 

Brake chopper used in Run state 

Used in Run and Stop state 

When the drive is decelerating the motor, the inertia of the motor and the load are 
fed into an external brake resistor. This enables the drive to decelerate the load with 
a torque equal to that of acceleration (provided that the correct brake resistor has 
been selected). See separate Brake resistor installation manual. 

2.4.3 DC-braking current ID507 

Defines the current injected into the motor during DC-braking. 

2.4.4 DC-braking time at stop ID508 

Determines if braking is ON or OFF and the braking time of the DC-brake when the 
motor is stopping. The function of the DC-brake depends on the stop function, 
parameter 2.1.12. 

0 DC-brake is not used 

DC-brake is in use and its function depends on the Stop function, 
(par. 2.1.12). The DC-braking time is determined with this 
parameter. 

Par. 2.1.12 = 0 (Stop function = Coasting): 

After the stop command, the motor coasts to a stop without control from the drive. 

With the DC injection, the motor can be electrically stopped in the shortest possible 
time, without using an optional external braking resistor. 

The braking time is scaled by the frequency when the DC-braking starts. If the 
frequency is greater than the nominal frequency of the motor, the set value of 
parameter 2.4.4 determines the braking time. When the frequency is $10% of the 
nominal, the braking time is 10% of the set value of parameter 2.4.4 . 
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fout 

RUN 
STOP 

Output Frequency 

'v Motor Speed 

' ' ' ' ' ' OC-Braking ON ', 

t = 1 x Par. 10508 

fout 

Output Frequency 

0.1 x fn 

OC-Braking ON 

I. t = 0.1 x Par. 10508 

-RU_N_'I 

STOP L-------------------
Figure 9-11: DC-Braking lime When Stop Mode= Coasting 

Par. 2.1.12 = 1 (Stop function= Ramp): 

January 2009 

After the Stop command, the speed of the motor is reduced according to the set 
deceleration parameters, as fast as possible, to the speed defined with parameter 
2.4.5, where the DC-braking starts. 

The braking time is defined with parameter 2.4.4. If high inertia exists, it is 
recommended to use an external braking resistor for faster deceleration. See Figure 
9-12. 

Par. 10515 

fout 

1 
\---- Motor Speed 

I \ Output Frequency : \ 
I 
I 
I 
I 
I 
I 
I 
I ______ .J. _____ _ 

RUN 
STOP 

I 
I 
I 
I 

1. .I t = Par. 10508 

Figure 9-12: DC-Braking lime When Stop Mode= Ramp 

2.4.5 DC-braking frequency in ramp stop 10515 

The output frequency at which the DC-braking is applied. See Figure 9-12. 
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2.4.6 DC-braking time at start ID516 

2.4.7 

DC-brake is activated when the start command is given. This parameter defines the 
time before the brake is released. After the brake is released, the output frequency 
increases according to the set start function by parameter 2.1.11. See Figure 9-13. 

Flux brake 

Output 
Frequency 

Figure 9-13: DC Braking Time at Start 

ID520 

Instead of DC braking, flux braking is a useful form of braking with motors :515 kW. 

When braking is needed, the frequency is reduced and the flux in the motor is 
increased, which in turn increases the motor's capability to brake. Unlike DC braking, 
the motor speed remains controlled during braking. 

Flux braking can be set ON or OFF. 

0 

1 

Flux braking OFF 

Flux braking ON 

Note: Flux braking converts the energy into heat at the motor and should be used 
intermittently to avoid motor damage. 

2.4.8 Flux braking current ID519 

Defines the flux braking current value. It can be set between 0.3 x IH (approximately) 
and the current limit. 

Prohibit Frequencies 

MN04003020E 

2.5.1 
2.5.2 

Prohibit frequency area 1; Low limit 
Prohibit frequency area 1; High limit 

ID509 
ID510 

In some systems it may be necessary to avoid certain frequencies because of 
mechanical resonance problems. With these parameters it is possible to set a limit 
for the "skip frequency" region. See Figure 9-14 . 
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Output 
Frequency 

(Hz) 

------------.---..r 

Reference (Hz) 

Figure 9-14: Prohibit Frequency Area Setting 

2.5.3 Acceleration/deceleration ramp speed 
scaling ratio between prohibit frequency 
limits 

10518 

January 2009 

Defines the acceleration/deceleration time when the output frequency is between the 
selected prohibit frequency range limits (parameters 2.5.1 and 2.5.2). The ramping 
time (selected acceleration/ deceleration time 1 or 2) is multiplied with this factor. 
E.g. value 0.1 makes the acceleration time 10 times shorter than outside the prohibit 
frequency range limits. 

f (Hz) 
out .... ................ 

Par. 10518 = 0.2 "' 

........................ -----Par. 10510 

Par. 10509 .... 
................ ~ 

Par. 10518 = 1.2 

Time(s) 

Figure 9-15: Ramp Speed Scaling Between Prohibit Frequencies 
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Motor Control 

MN04003020E 

2.6.1 Motor control mode 10600 

0 

1 

Frequency control: The 1/0 terminal and keypad references are 
frequency references and the drive controls the output frequency 
(output frequency resolution = 0.01 Hz). 

Speed control: The 1/0 terminal and keypad references are speed 
references and the drive controls the motor speed (accuracy ± 0.5%). 

2.6.2 VHz ratio selection 10108 

Linear: 0 The voltage of the motor changes linearly with the frequency in the 
constant flux area from 0 Hz to the field weakening point where the 
nominal voltage is supplied to the motor. Linear VHz ratio should be 
used in constant torque applications. See Figure 9-16. 

This default setting should be used if there is no special need for 
another setting. 

Squared: 1 The voltage of the motor changes following a squared curve form with 
the frequency in the area from 0 Hz to the field weakening point where 
the nominal voltage is also supplied to the motor. The motor runs under 
magnetized below the field weakening point and produces less torque 
and electromechanical noise. Squared VHz ratio can be used in 
applications where torque demand of the load is proportional to the 
square of the speed, e.g in centrifugal fans and pumps . 

v 
Vn -----------------x------

ID603 Default. Nom1nal F1eld Weakening 
Voltage of the Motor Point 

Default: Nom1nal 
Frequency of the 
Motor 

I 
ID602 

f (Hz] 

Figure 9-16: Linear and Squared Change of Motor Voltage 
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Programmable 
VHz curve: 2 

The VHz curve can be programmed with three different points. 
Programmable VHz curve can be used if the other settings do not 
satisfy the needs of the application. 

Linear with flux 
optimization: 3 

The drive starts to search for the minimum motor current and in 
order to save energy, lower the disturbance level and the noise. 
Can be used in applications with constant motor load, such as 
fans, pumps, etc. 

v 
Vn ----------------"'71"'------

ID603 Default: Nommal Field Weakemng 

ID605 
(Default 10%) 

Voltage ofthe Motor Po1 nt 

Default: Nommal 
ID

606 
Frequency of the 

/
Motor f[Hz[ 

(Default 1.3%) +----+---------f--------
ID604 

(Default 5 Hz) 
ID602 

Figure 9-17: Programmable VHz Curve 

2.6.3 Field weakening point 10602 

The field weakening point is the output frequency at which the output voltage 
reaches the value set with par. 2.6.4. 

2.6.4 Voltage at field weakening point 10603 

Above the frequency at the field weakening point, the output voltage remains at the 
value set with this parameter. Below the frequency at the field weakening point, the 
output voltage depends on the setting of the VHz curve parameters. See parameters 
2.1.13, 2.6.2, 2.6.5, 2.6.6 and 2.6.7 and Figure 9-17. 

When the parameters 2.1.6 and 2.1.7 (nominal voltage and nominal frequency of the 
motor) are set, the parameters 2.6.3 and 2.6.4 are automatically given the 
corresponding values. If you need different values for the field weakening point and 
the voltage, change these parameters after setting the parameters 2.1.6 and 2.1.7. 

2.6.5 VHz curve, middle point frequency 10604 

If the programmable VHz curve has been selected with parameter 2.6.2, this 
parameter defines the middle point frequency of the curve. See Figure 9-17. 

2.6.6 VHz curve, middle point voltage 10605 

If the programmable VHz curve has been selected with the parameter 2.6.2, this 
parameter defines the middle point voltage of the curve. See Figure 9-17. 
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2.6. 7 Output voltage at zero frequency ID606 

This parameter defines the zero frequency voltage of the curve. See Figure 9-17. 

2.6.8 Switching frequency ID601 

2.6.9 
2.6.10 

Motor noise can be minimized using a high switching frequency. Increasing the 
switching frequency reduces the capacity of the drive. 

Switching frequency for SLX9000: 1-16kHz 

Overvoltage controller ID607 
Undervoltage controller ID608 

These parameters allow the under-/overvoltage controllers to be switched out of 
operation. This may be useful, for example, if the utility supply voltage varies more 
than -15% to +10% and the application will not tolerate this over-/undervoltage. This 
regulator controls the output frequency taking the supply fluctuations into account. 

Note: Over-/undervoltage trips may occur when controllers are switched out of 
operation. 

0 

1 

Controller switched off 

Controller switched on 

2.6.11 Identification ID631 

0 

1 

No action 

ID no run 

When ID no run is selected, the drive will perform an ID-run when it is started from 
selected control place. Drive has to be started within 20 seconds, otherwise 
identification is aborted. 

The drive does not rotate the motor during ID no run. When ID run is ready, the drive 
is stopped. Drive will start normally when the next start command is given. 

The 10 run improves the torque calculations and the automatic torque boost 
function. It will also result in a better slip compensation in speed control (more 
accurate RPM). 

2. 7.1 Response to 4 mA reference fault ID700 

0 

1 

2 

3 

No response 

Warning 

Fault, stop mode afterfault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

A warning or a fault action and message is generated if the 4- 20 mA reference 
signal is used and the signal falls below 3.5 mA for 5 seconds or below 0.5 mA for 0.5 
seconds. The information can also be programmed into relay outputs . 
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2.7.2 Response to external fault 10701 

0 

1 

2 

3 

No response 

Warning 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

January 2009 

A warning or a fault action and message is generated from the external fault signal 
in the programmable digital inputs. The information can also be programmed into 
relay outputs. 

2.7.3 Response to undervoltage fault 10727 

Warning 1 

2 

3 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

For the undervoltage limits see Table 1-8. 

Note: This protection can not be inactivated. 

2.7.4 Output phase supervision 

No response 

Warning 

10702 

0 

1 

2 

3 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

Output phase supervision of the motor ensures that the motor phases have an 
approximately equal currents. 

2.7.5 Ground fault protection 10703 

0 

1 

2 

3 

No response 

Warning 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

Ground fault protection ensures that the sum of the motor phase currents is zero. 
The overcurrent protection is always working and protects the drive from ground 
faults with high currents. 
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Motor Thermal Protection: 

MN04003020E 

The motor thermal protection is to protect the motor from overheating. The drive is 
capable of supplying higher than nominal current to the motor. If the load requires 
this high current, there is a risk that the motor will be thermally overloaded. This is 
the case especially at low frequencies. At low frequencies the cooling effect of the 
motor is reduced as well as its capacity. If the motor is equipped with an external fan, 
the load reduction at low speeds is small. 

The motor thermal protection is based on a calculated model and it uses the output 
current of the drive to determine the load on the motor. 

The motor thermal protection can be adjusted with parameters. The thermal current 
IT specifies the load current above which the motor is overloaded. This current limit 
is a function of the output frequency. 

A CAUTION 
The calculated model does not protect the motor if the airflow to 
the motor is reduced by blocked air intake grill. 

2.7.6 Motor thermal protection 10704 

0 

1 

2 

3 

No Response 

Warning 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

If tripping is selected, the drive will stop and activate the fault stage. 

Deactivating the protection, i.e. setting parameter to 0, will reset the thermal model 
of the motor to 0%. 

2.7.7 Motor thermal protection: Motor ambient 10705 
temperature factor 

When the motor ambient temperature must be taken into consideration, it is 
recommended to set a value for this parameter. The value of the factor can be set 
between -100.0% and 100.0% where -100.0% corresponds to ooc and 100.0% to the 
maximum running ambient temperature of the motor. Setting this parameter value 
to 0% assumes that the ambient temperature is the same as the temperature of the 
heatsink at power-on. 

2. 7.8 Motor thermal protection: Cooling factor at 10706 
zero speed 

The cooling power can be set between 0-150.0% x cooling power at nominal 
frequency. See Figure 9-18 . 
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PCoolong 

100% 

Par. 
10706=40% 

Overload Area 

0 

Figure 9-18: Motor Cooling Power 

2.7.9 Motor thermal protection: Time constant 10707 

This time can be set between 1 and 200 minutes. 

January 2009 

This is the thermal time constant of the motor. The bigger the motor, the bigger the 
time constant. The time constant is the time within which the calculated thermal 
model has reached 63% of its final value. 

The motor thermal time is specific to the motor design and it varies between 
different motor manufacturers. 

If the motor's t6-time (t6 is the time in seconds the motor can safely operate at six 
times the rated current) is known (given by the motor manufacturer) the time 
constant parameter can be set basing on it. As a rule of thumb, the motor thermal 
time constant in minutes equals to 2xt6. lfthe drive is in stop state, the time constant 
is internally increased to three times the set parameter value. The cooling in the stop 
state is based on convection and the time constant is increased. See also Figure 9-19. 

Note: If the nominal speed (par. 2.1.8) or the nominal current (par. 2.1.9) of the motor 
are changed, this parameter is automatically set to the default value (45). 
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Motor 
Temperature 

,----
1 I 

I 
Trip Area 

105% 1--~~---+--------------i--:~::"""'i~ 

~ 
Motor I 

Current I 
I 

111T 1 
I 
I 
I 
I 

•• / lime Constant T*-........_ 

•• •••••• Motor Temperature 9= (1/IT12 x (1-e-t!T) 

* Changes by motor s1ze and 
adjusted w1th parameter 10707. 

Figure 9-19: Motor Temperature Calculation 

2.7.10 Motor thermal protection: Motor duty 10708 
cycle 

Defines how much of the nominal motor load is applied. 

The value can be set to 0%- 100%. 

lime 

Stall Protection 

MN04003020E 

The motor stall protection protects the motor from short time overload situations 
such as one caused by a stalled shaft. The reaction time of the stall protection can be 
set shorter than that of motor thermal protection. The stall state is defined with two 
parameters, 2.7 .12 (Stall current) and 2.7 .13 (Stall frequency). lfthe current is higher 
than the set limit and output frequency is lower than the set limit, the stall state is 
true. There is actually no real indication of the shaft rotation. Stall protection is a type 
of overcurrent protection. 

2. 7.11 Stall protection 10709 

0 

1 

2 

3 

No response 

Warning 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

Setting the parameter to 0 will deactivate the protection and reset the stall time 
counter . 
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2. 7.12 Stall current limit 10710 

The current can be set to 0.0 -lnMota/2. For a stall stage to occur, the current must 
have exceeded this limit. See Figure 9-20. The software does not allow entering a 
greater value than lnMota/2. If the parameter 2.1.9 Nominal current of motor is 
changed, this parameter is automatically restored to the default value (lnMota/1.3). 

Stall Area 

Par. 10710 +---------; 

Par. 10712 

Figure 9-20: Stall Characteristics Settings 

2.7.13 Stalltime 10711 

This time can be set between 1.0 and 120.0s. 

This is the maximum time allowed for a stall event detection. The stall time is 
counted by an internal up/down counter. 

If the stall time counter value goes above this limit, the protection will cause a trip 
(see Figure 9-21 ). 

Stall Time Counter 

Trip Area 

Stall 
No Stall 

Tnp/Warning 
Par. 10709 

Time 

Figure 9-21: Stall lime Count 
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2.7.14 Maximum stall frequency 10712 

The frequency can be set between 1-fmax (par. 2.1.2). 

For a stall event to occur, the output frequency must have remained below this limit. 

Underload Protection 

MN04003020E 

The purpose of the motor underload protection is to ensure that there is load on the 
motor when the drive is running. If the motor loses its load, there might be a 
problem in the process, e.g. a broken belt or a dry pump. 

Motor underload protection can be adjusted by setting the underload curve with 
parameters 2.7.16 (Field weakening area load) and 2.7.17 (Zero frequency load), see 
below. The underload curve is a squared curve set between the zero frequency and 
the field weakening point. The protection is not active below 5Hz (the underload 
time counter is stopped). 

The torque values for setting the underload curve are set in percentage of nominal 
torque of the motor. The motor's nameplate data, the parameter Motor nominal 
current and the drive's nominal current IL are used to find the scaling ratio for the 
internal torque value. If other than nominal motor is used with the drive, the 
accuracy of the torque calculation decreases. 

2.7.15 Underload protection 10713 

0 

1 

2 

3 

No response 

Warning 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

If tripping is set active, the drive will stop and activate the fault stage. 

Deactivating the protection by setting the parameter to 0 will reset the underload 
time counter. 

2.7.16 Underload protection, field weakening 10714 
area load 

The torque limit can be set between 10.0 and 150.0% x TnMotor· 

This parameter gives the value for the minimum torque allowed when the output 
frequency is above the field weakening point. See Figure 9-22. 

If you change the parameter 2.1.9 (Motor nominal current), this parameter is 
automatically restored to the default value . 
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Torque 

5Hz 

Underload Area 
I 
I 
I 

Field Weakening 
Pomt Par. 10602 

Figure 9-22: Setting of Minimum Load 

2.7.17 Underload protection, zero frequency load 10715 

The torque limit can be set between 5.0 and 150.0% x TnMotor· 

January 2009 

This parameter gives value for the minimum torque allowed with zero frequency. 
See Figure 9-22. 

If you change the value of parameter 2.1.9 (Motor nominal current). this parameter is 
automatically restored to the default value. 

2.7.18 Underload time 10716 

This time can be set between 2.0 and 600.0 s. 

This is the maximum time allowed for an underload state to exist. An internal up/ 
down counter counts the accumulated underload time. If the underload counter 
value goes above this limit the protection will cause a trip according to parameter 
2.7.15). If the drive is stopped, the underload counter is reset to zero. See Figure 9-23. 

Underload 
Time Counter 

Par. 10716 

No Underload 

Tnp/Warnmg 
Par. 10713 

Time 

Figure 9-23: Underload lime Counter Function 
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2.7.19 Response to thermistor fault 

No response 

Warning 

SL.X9000 Adjustable Frequency Drives User Manual 

10732 

0 

1 

2 

3 

Fault, stop mode after fault according to parameter 2.1.12 

Fault, stop mode after fault always by coasting 

Setting the parameter to 0 will deactivate the protection. 

2.7.20 Response to fieldbus fault 10733 

Sets the response mode for the field bus fault if a field bus board is used. For more 
information, see the respective Fieldbus Board Manual. 

See parameter 2.7 .19. 

2.7.21 Response to slot fault 10734 

Sets the response mode for a board slot fault due to missing or broken board. 

See parameter 2.7.19. 

2.7.22 Actual value supervision function 10735 

0 

1 

2 

3 

4 

Not used 

Warning, if actual value falls below the limit set with par. 2.7.23 

Warning, if actual value exceeds the limit set with par. 2.7.23 

Fault, if actual value falls below the limit set with par. 2.7.23 

Fault, if actual value exceeds the limit set with par. 2.7.23 

2.7.23 Actual value supervision limit 10736 

With this parameter you can set the limit of actual value supervised by par. 2.7.22. 

2.7.24 Actual value supervision delay 10737 

Sets the delay for the actual value supervision function (par. 2.7.22). 

If this parameter is in use, the function of par. 2.7 .22 will be active only when the 
actual value stays outside the defined limit for the time determined by this 
parameter. 

Auto Restart Parameters 

MN04003020E 

The automatic restart function is active ifthe value of par. 2.1.21 = 1. There are always three 
restart trials. 

2.8.1 Automatic restart: Wait time 10717 

Defines the time before the drive tries to automatically restart the motor after the 
fault has disappeared . 
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2.8.2 Automatic restart: Trial time 10718 

The Automatic restart function restarts the drive when the faults have disappeared 
and the waiting time has elapsed. 

Wart T1mel Wait Time I Wa1t Time I 

n

Par.ID717I nPar.ID7171 nPar.ID7171 

- ------1. :. . : . '·. ----T. :-----1. :. . : 
Fault Tngger i - i L---..;.i------

1 I 
I I 

M t St S 1-----~ll~... __ ~i-~llL. __ -Ti-~lll ___ ~------0 or op 1gna 1 1 
I I 
I Restart 1 I Restart 2 

Motor start s1gna1 ------------ln~.. _____ ....~nL. _____ ....;.... _____ _ 
I 
: 

Superv1sion -----------1 Tnal Time 
Par. ID718 

Fault State Act1ve -----------------------....1' f--

RESET/Fault Reset ---------------------------....lr-L 
Auto Funct1on: (Trials= 2) 

Figure 9-24: Automatic Restart 

The time count starts from the first autorestart. If the number of faults occurring 
during the trial time exceeds three, the fault state becomes active. Otherwise the 
fault is cleared after the trial time has elapsed and the next fault starts the trial time 
count again. 

If a single fault remains during the trial time, a fault state is true. 

2.8.3 Automatic restart, start function 10719 

The Start function for Automatic restart is selected with this parameter. The 
parameter defines the start mode: 

0 Start with ramp 

1 Flying start 

2 Start according to par. 2.1.11 
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PID Reference Parameters 
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2.9.1 PID activation ID163 

With this parameter you can activate or deactivate the PID controller or activate the 
pump and fan control parameters. 

0 PID controller deactivated 

PID controller activated 1 

2 Pump and fan control activated. Parameter group P2.10 becomes 
visible. 

2.9.2 PID reference ID332 

Defines which frequency reference source is selected for the PID controller. Default 
value is 2. 

Al1 reference 

Al2 reference 

0 

1 

2 

3 

PID reference from the Keypad control page (Group K3, parameter R3.5) 

Reference from the fieldbus (FBProcessDataiN1) 

2.9.3 Actual value input 

Al1 

Al2 

ID334 

0 

1 

2 Fieldbus (Actual value 1: FBProcessDataiN2; Actual value 2: 

3 

4 

5 

6 

FBProcessDataiN3) 

Motor torque 

Motor speed 

Motor current 

Motor power 

2.9.4 PID controller gain ID118 

This parameter defines the gain of the PID controller. If the value of the parameter is 
set to 100% a change of 10% in the error value causes the controller output to change 
by 10%. 

If the parameter value is set to 0 the PID controller operates as ID-controller. 

See examples below. 

2.9.5 PID controller 1-time ID119 

This parameter defines the integration time of the PID controller. If this parameter is 
set to 1.00 second, a change of 10% in the error value causes the controller output to 
change by 10.00%/s. If the parameter value is set to 0.00 s, the PID controller will 
operate as PD-controller. See examples below . 
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2.9.6 PID controller D-time 10132 

The parameter 2.9.5 defines the derivative time of the PID controller. If this 
parameter is set to 1.00 second, a change of 10% in the error value during 1.00 s 
causes the controller output to change by 10.00%. If the parameter value is set to 
0.00 s, the PID controller will operate as PI-controller. 

See examples below. 

Example 1: 

In order to reduce the error value to zero, with the given values, the drive output 
behaves as follows: 

Given values: 

Par. 2.9.4, P = 0% 

Par. 2.9.5, 1-time = 1.00 s 

Par. 2.9.6, D-time = 0.00 s 

Error value (setpoint- process value)= 
10.00% 

PID max limit 100.0% 

PID min limit= 0.0% 

Min freq. = 0 Hz 

Max freq. = 50 Hz 

In this example, the PID controller operates practically as ID-controller only. 

According to the given value of parameter 2.9.5 (1-time), the PID output increases by 
5Hz (10% of the difference between the maximum and minimum frequency) every 
second until the error value is 0. 

Hz 

-1s 

/ 
/ 

/ 

Error a 10"A. 

---- PIDOutput 
------- Error Value 

10% 1-Part = 6 Hz/s 

I·Part • 6 Hz/s 

1-Part = 6 Hz/s 

1-Part = 6 Hz/s 

I·Part = 6 Hz/s 

Figure 9-25: PID Controller Function as !-Controller 
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Example 2: 

Given values: 

Par. 2.9.4, P = 100% 

Par. 2.9.5, 1-time = 1.00 s 

Par. 2.9.6, D-time = 1.00 s 

Error value (setpoint- process value)= 
±10% 

PID max limit= 100.0% 

PID min limit= 0.0% 

Min freq. = 0 Hz 

Max freq. = 50 Hz 

As the power is switched on, the system detects the difference between the setpoint 
and the actual process value and starts to either raise or decrease (in case the error 
value is negative) the PID output according to the 1-time. Once the difference 
between the setpoint and the process value has been reduced to 0, the output is 
reduced by the amount corresponding to the value of parameter 2.9.5. 

In case the error value is negative, the drive reacts, reducing the output 
correspondingly. 

Hz 

D·part --------, 
I 

D·part 

' ' 
D·part 

' 

---- PID Output 

------- Error Value 

' ' /:o'' q, ', 
' -------------- ' 

P·part =5Hz :Error= 10% ', 

Figure 9-26: PID Output Curve with the Values of Example 2 
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Example 3: 

Given values: 

Par. 2.9.4, P = 100% 

Par. 2.9.5, 1-time = 0.00 s 

Par. 2.9.6, 0-time = 1.00 s 

Error value (setpoint- process value)= 
z10%/s 

PIO max limit= 100.0% 

PIO min limit= 0.0% 

Min freq. = 0 Hz 

Max freq. =50 Hz 

January 2009 

As the error value increases, the PIO output also increases according to the set 
values (0-time = 1.00s). 

Hz ---- PID Output 
11 ------- Error Value 

// !.;>·part= 10% = 5.00 Hz 
// , ------,, 

/ / 1\ 
/ •' 1 ', D-part = ·1 0% = ·5.00 Hz 

/ ,. \ \ 
// ,' \ \ 

/ ""/ \ \·...., H/ 'O'~ / <:;f , ,~., \ .¢ ',g;.. 
/ , (5' \ .... '"' 

/ / "' \ '?< ', 
/ / ' \ / , \ ' 

/ ,. \ \ / ,
1
' P-part = 100% "PID error= 5.000 Hz/s \ , 

( , \ \ 
I ,•' 10% \ ', 
y \ ·~ -1.00 s t 

Figure 9-27: PID Output with the Values of Example 3 

2.9.7 Actual value 1 minimum scale 10336 

Sets the minimum scaling point for Actual value 1. See Figure 9-28. 

2.9.8 Actual value 1 maximum scale 10337 

Sets the maximum scaling point for Actual value 1. See Figure 9-28. 
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100 

Scaled 
Input S1gnall%l 

10336 = 30% 
10337 = 80% 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 Analog 

o~--~30~-------r~10~0~1n~p~u~tl%1 
0 3.3 8.0 10.0V 
0 6 0 16.0 20.0 rnA 
4 8.8 16.8 20.0 rnA 

Figure 9-28: Example of Actual Value Signal Scaling 

2.9.9 PID error value inversion 10340 

This parameter allows you to invert the error value of the PID controller (and thus the 
operation of the PID controller). 

0 

1 

No inversion 

Inverted 

2.9.10 Sleep frequency 101016 

The drive is stopped automatically if the frequency of the drive falls below the Sleep 
level defined with this parameter for a time greater than that determined by 
parameter 2.9.11. During the Stop state, the PID controller is operating switching the 
drive to Run state when the actual value signal either falls below or exceeds (see par. 
2.9.13) the Wake-up level determined by parameter 2.9.12. See Figure 9-29. 

2.9.11 Sleep delay 101017 

The minimum amount of time the frequency has to remain below the Sleep level 
before the drive is stopped. See Figure 9-29. 

2.9.12 Wake-up level 101018 

The wake-up level defines the frequency below which the actual value must fall or 
which has to be exceeded before the Run state of the drive is restored. See Figure 
9-29. 

2.9.13 Wake-up function 101019 

This parameter defines if the restoration of the Run state occurs when the actual 
value signal falls below or exceeds the Wake-up level (par. 2.9.12). See Figure 9-29 . 
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Actual 
Value 

Wake-Up Level 
(~~mm~------------------------------

Output 
Frequency 

Sleep Level 
P.ir. iDiOifi--

t <Par. 101017 U Par. 101017 

I I 
-------t----------I 

I I 
I I 

I 

Start/Stop Status of _____ .;_R;.:u.:..:.nn;.:.;i.:..:.ng::...._ ____ ..., 

the Var. Speed Drive 
Stop 

Figure 9-29: Sleep Function 

For more information v1sit: wWw.eaton.com 

January 2009 • 

Time 

Time 

• 

• 
MN04003020E 



SLX9000 Adjustable Frequency Drives User Manual 

• January 2009 

Table 9-3: Selectable Wake-Up Functions 

Parameter 
Value Function Limit Description 

0 Wake-up happens The limit defined Actual 
when actual value with parameter Value S1gnal 

goes below the limit 101018 is in percent 
100% of the maximum 

actual value 

~Par. 101018=30% 

.............. 
Time 

Start 
Stop I 

1 Wake-up happens The limit defined Actual 
when actual value with parameter Value S1gnal 

exceeds the limit 101018 is in percent 
of the maximum 100% 

actual value 
Par. 101018=60%./ 

/ 
Time 

Start 
Stop I 

• 2 Wake-up happens The limit defined Actual 
when actual value with parameter Value S1gnal 

goes below the limit 101018 is in percent 
100% of the current value 

of the reference 
signal Reference=50% 

"""' 
Par 101018=60% 
Limit=60%• Reference=30% 

~ 
Time 

Start 
Stop 1 

3 Wake-up happens The limit defined Actual 
when actual value with parameter Value S1gnal 

exceeds the limit 101018 is in percent 
of the current value 100% 

Par. 101018=140% 
of the reference Limlt=140%• Reference=70%/ 

signal 

R~ 
Time 

Start 
Stopj 

• 
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Pump and Fan Control 

9-40 

The Pump and Fan Control can be used to control one variable speed drive and up to three 
auxiliary drives. The PID controller of the drive controls the speed of the variable speed drive 
and gives control signals to start and stop the auxiliary drives to control the total flow. In 
addition to the eight parameter groups provided as standard, a parameter group for multi
pump and fan control functions is available. 

Pump and Fan Control is used to control the operation of pumps and fans. The application 
utilizes external contactors for switching between the motors connected to the drive. The 
autochange feature provides the capability of changing the starting order of the auxiliary 
drives. 

Short Description of PFC Function and Essential Parameters 

Automatic Changing Between Drives (Autochange & lnterlockings Selection, P2.10.4/ 
101027) 

The automatic change of starting and stopping order is activated and applied to either the 
auxiliary drives only or the auxiliary drives and the drive controlled by the frequency 
converter depending on the setting of parameter 2.1 0.4. 

The Autochange function allows the starting and stopping order of drives controlled by the 
pump and fan automatics to be changed at desired intervals. The drive controlled by 
frequency converter can also be included in the automatic changing and locking sequence 
(par 2.10.4). The Autochange function makes it possible to equalize the run times of the 
motors and to prevent, for example, pump stalls due to running breaks that are too long . 

• Apply the Autochange function with parameter 2.10.4, Autochange. 

• The autochange takes place when the time set with parameter 2.1 0.5 Autochange 
interval has expired and the capacity used is below the level defined with parameter 
2.10.7, Autochange frequency limit. 

• The running drives are stopped and re-started according to the new order. 

• External contactors controlled through the relay outputs of the frequency converter 
connect the drives to the frequency converter or to the mains. If the motor controlled 
by the frequency converter is included in the autochange sequence, it is always 
controlled through the relay output activated first. The other relays activated later 
control the auxiliary drives. 

This parameter is used to activate the interlock inputs (Values 3 & 4). The interlocking signals 
come from the motor switches. The signals (functions) are connected to digital inputs which 
are programmed as interlock inputs using the corresponding parameters. The pump and fan 
control automatics only control the motors with active interlock data. 

• If the interlock of an auxiliary drive is inactivated and another unused auxiliary drive 
available, the latter will be put to use without stopping the frequency converter. 

• If the interlock of the controlled drive is inactivated, all motors will be stopped and re
started with the new set-up. 

• If the interlock is re-activated in Run status, the automatics will stop all motors 
immediately and re-start with a new setup. Example: [P1 ---7 P3) ---7 [P2 LOCKED) ---7 

[STOP) ---7 [P1 ---7 P2 ---7 P3) 

See Page 9-41, Examples. 
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Parameter 2.10.5/101029, Autochange interval 

After expiration of the time defined with this parameter, the autochange function takes place 
if the capacity used lies below the level defined with parameters 2.10.7 (Autochange 
frequency limit) and 2.10.6 (Maximum number of auxiliary drives). Should the capacity 
exceed the value of par 2.10.7, the autochange will not take place before the capacity goes 
below this limit. 

• The time count is activated only if the Start/Stop request is active. 

• The time count is reset after the autochange has taken place or on removal of Start 
request 

Parameters 2.10.6/101030, Maximum number of auxiliary drives and 2.10.7/101031, Autochange 
frequency limit 

MN04003020E 

These parameters define the level below which the capacity used must remain so that the 
autochange can take place. 

This level is defined as follows: 

• If the number of running auxiliary drives is smaller than the value of parameter 2.1 0.6, 
the autochange function can take place. 

• If the number of running auxiliary drives is equal to the value of parameter 2.10.6 and 
the frequency of the controlled drive is below the value of parameter 2.1 0.7, the 
autochange can take place. 

• lfthe value of parameter 2.10.7 is 0.0 Hz, the autochange can take place only in rest 
position (Stop and Sleep), regardless of the value of parameter 2.10.6 . 

Examples 

PFC with interlocks and autochange between 3 pumps (OPT-AA or OPT-85 option board 
required) 

Situation: 1 controlled drive and 2 auxiliary drives. 
Parameter settings: 2.1 0.1 = 2 

Interlock feedback signals used, autochange between all drives used. 

Parameter settings: 2.1 0.4 = 4 
DIN4 active (par. 2.2.6 = 0) 

The interlock feedback signals come from the digital inputs DIN4 (AI1 ), DIN2 & DIN3 selected 
with parameters 2.1.17, 2.1.18 and 2.2.4. 

The control of pump 1 (par. 2.3.1 = 17) is enabled through Interlock 1 (DIN2, 2.1.17 = 10), the 
control of pump 2 (par. 2.3.2 = 18) through Interlock 2 (DIN3, par. 2.1.18 = 13) and the control 
of pump 3 {par. 2.3.3 = 19) through Interlock 3 (DIN4) . 
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Table 9-4: PFC-Control Input/Output Configuration with Three Pumps, MF4- MF6 460V 
Reference 
potentiometer 

2-Wire L-=---=- -= 
Transmitter 

I ,-------
1_~ ~ 
I _ ___/'/- -
L ___/' -

0-------
_A=------

0-------
_A=------

_A=------

0--------

9-42 

-
-

-

-

-
-
-

-

-

-
-

-
-
-
-

I Terminal I Signal 

1 +10Vref Reference output 

2 Al1+ Voltage input frequency reference/DIN4 

3 Al1- 1/0 Ground 

4 Al2+ PID Actual Value 

5 Al2-

6 +24V Control voltage output 

7 GND 1/0 ground 

8 DIN1 Start 

9 DIN2 Interlock 1 (par 2.1.17 = 1 0) 

10 DIN3 Interlock 2 (par 2.1.18 = 13) 

11 GND 1/0 ground 

18 A01+ Output frequency 

19 A01- Analog output 

A RS 485 Serial bus 

B RS 485 Serial bus 

21 R01 -=7 Relay output 1 

22 R01 FAULT 

23 R01 _____J 

OPT-85 

22 R01/1 Autochange 1 (Pump 1 Control), par 2.3.2 = 17 

23 R01/2 

25 R02/1 Autochange 2 (Pump 2 Control), par 2.3.3 = 18 

26 R02/2 

28 R03/1 Autochange 3 (Pump 3 Control), par 2.3.4 = 19 

29 R03/2 

For more mformaoon v1sit: www.eaton.com MN04003020E 

• 

• 

• 



• 

• 

• 

SL.X9000 Adjustable Frequency Drives User Manual 

January 2009 

230VAC 

,.-----------
: Dnve 
I 
I 
I 

~------------

24V DC DIN2 

6 8 

,.----------- ------ --- ---
: OPTB5 22 

l----------~~~---- ---
A o Ma•n-sr 

51 ~--- ---- ----

K3 

K2 

K1 

M1/Dnve M1/Maons 

DIN3 

9 

----------, 

10V 

I 
Al1 I 

10 : 
I 

-- --- __ J 

--- --- --, 
I 
I 
I 
I 
I 
I 

Figure 9-30: 3-Pump Autochange System, Principal Control Diagram 
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PE--------------------------------------------------------------
L1-

I L2-
L3-

::::(_ 
01 ) 10 F1 [ I[)) ) [][ F2 [ I [ ) F3 F2 

I 
L1 L2 L3 ( 

z~ 
K1.1 - K2.1 - K3.1 -

Dnve 

I ) 
K1 )t~ K3 - -

l 

J®~ ~,~r ~® 
Figure 9-31: Example of 3-Pump Autochange, Main Diagram 
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PFC with interlocks and autochange between 2 pumps (OPTAA or OPTB5 option board 
required) 

Situation: 1 controlled drive and 1 auxiliary drive. 

Parameter settings: 2.1 0.1 = 1 

Interlock feedback signals used, autochange between pumps used. 

Parameter settings: 2.1 0.4 = 4 

The interlock feedback signals come from the digital input DIN2 (par. 2.1.17) and digital input 
DIN3, (par. 2.1.18). 

The control of pump 1 (par. 2.3.1 = 17) is enabled through Interlock 1 (DIN2, P2.1.17), the 
control of pump 2 (par. 2.3.2 = 18) through Interlock 2 (par. 2.1.18 = 13) 

Table 9-5: PFC-Controllnput/Output Configuration with Two Pumps, MF4- MF6 460V 

I ,-------
1 ~ ~ 
~~-
L _/' -

0-------
~------

,-------
~~---
~---
L.:: ______ _ 

0---------
----""'=-------

9-44 

I Terminal I Signal 

- 1 +10Vref Reference output 
- 2 Al1+ Voltage input frequency reference/DIN4 

- 3 Al1- l/0 Ground 
- 4 Al2+ PID Actual Value 

- 5 Al2-

- 6 +24V Control voltage output 

- 7 GND 1/0 ground 
- 8 DIN1 Start 
- 9 DIN2 Interlock 1 (par 2.1.17 = 10) 
- 10 DIN3 Interlock 2 (par 2.1.18 = 13) 

11 GND 1/0 ground 
- 18 A01+ Output frequency 

- 19 A01- Analog output 

A RS485 Serial bus 

8 RS485 Serial bus 

21 R01 -:7 Autochange 1 (Pump 1 control) 
- 22 R01 par 2.3.1. = 17 

- 23 R01 _______. 

OPT-AA 

X1 

-1 +24V Control voltage output max. 150 mA 

2 GND Ground for controls, e.g for +24V and DO 
- 3 DIN1 Preset speed 2, par 2.2.1 = 7 
- 4 DIN2 Fault reset, par 2.2.2 = 4 

- 5 DIN3 Disable PID (Freq reference from Al1 ), par 2.2.3 = 11 

- 6 D01 Ready, par 2.3.4 = 1 
Open collector output, 50 mA/48V 

X2 
- 22 R01/NO Autochange 2 (Pump 2 control), par 2.3.2 = 18 
- 23 R01/COM 
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230V AC 

OPTAA 

... -----------
: OPTA2 22 

- ---------.., 

l ___________ )~~:~--
A OMa,J 

51 '{f----

M1/Dnve M1/Mams 

24V DC DIN2 

9 

25 

R01 

26 

A 0 Mains 
52 '{f---- ---- ----

M2/Dnve M2/Mams 

I 
I 

DIN3 : 
10 I 

I 

--- --' 

Figure 9-32: 2-Pump Autochange System, Principal Control Diagram 
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Figure 9-33: Example of 2-Pump Autochange, Main Diagram 
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Description of Pump and Fan Control Parameters 

2.10.1 Number of auxiliary drives 101001 

With this parameter the number of auxiliary drives in use will be defined. The 
functions controlling the auxiliary drives (parameters 2.1 0.4 to 2.10.7) can be 
programmed to relay outputs. 

2.10.2 Start delay of auxiliary drives 101010 

The frequency of the drive controlled by the drive must remain above the maximum 
frequency for the time defined with this parameter before the auxiliary drive is 
started. The delay defined applies to all auxiliary drives. This prevents unnecessary 
starts caused by momentary start limit exceedings. 

2.10.3 Stop delay of auxiliary drives 101011 

The frequency of the drive controlled by the drive must remain below the minimum 
frequency for the time defined with this parameter before the drive is stopped. The 
delay defined applies to all auxiliary drives. This prevents unnecessary stops caused 
by momentary falls below the stop limit. 

2.10.4 Automatic changing between drives 101027 

0 Not used 

1 Autochange with aux pumps 

• 

This parameter allows you to invert the error value ofthe PIO controller (and thus the • 
operation of the PIO controller). 

Drive 

Motor Aux. 1 Motor Aux. 2 

Figure 9-34: Autochange Applied to Auxiliary Drives Only 

• 
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2 Autochange with drive and auxiliary pumps 

The drive controlled by the drive is included in the automatics and a contactor is 
needed for each drive to connect it to either the mains or the drive. 

Drive 

Figure 9-35: Autochange with All Drives 

3 Autochange and interlocks (only auxiliary pumps) 

The drive controlled by the drive is included in the automatics and a contactor is 
needed for each drive to connect it to either the mains or the drive. 

4 Autochange and interlocks (Drive and aux pumps) 

The drive controlled by the drive is included in the automatics and a contactor is 
needed for each drive to connect it to either the mains or the drive. DIN 1 is 
automatically intelocked for Autochange output 1. Interlocks for Autochange output 
1, 2, 3 (or DIE1, 2, 3) can be selected with par. 2.1.17 and 2.1.18 . 
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2.10.5 Autochange interval 101029 

After the time defined with this parameter, the autochange function takes place if the 
capacity used lies below the level defined with parameters 2.10.7 (Autochange 
frequency limit) and 2.10.6 (Maximum number of auxiliary drives). Should the 
capacity exceed the value of P2.10.7, the autochange will not take place before the 
capacity goes below this limit. 

• The time count is activated only if the Start/Stop request is active. The time 
count is reset after the autochange has taken place or on removal of Start 
request. 

• The time count is reset after the autochange has taken place or on removal of 
Start request. 

2.10.6 Maximum number of auxiliary drives 
2.10.7 Autochange frequency limit 

101030 
101031 

These parameters define the level below which the capacity used must remain so 
that the autochange can take place. 

This level is defined as follows: 
• If the number of running auxiliary drives is smaller than the value of 

parameter 2.10.6, the autochange function can take place. 

• If the number of running auxiliary drives is equal to the value of parameter 
2.10.6 and the frequency of the controlled drive is below the value of 
parameter 2.10.7, the autochange can take place. 

• If the value of parameter 2.1 0.7 is 0.0 Hz, the autochange can take place only in 
rest position (Stop and Sleep) regardless of the value of parameter 2.10.6. 

Output 
Frequency 

Par. 101031 
Autochange 

Level, 
Frequency 

Par. 101030=1 
Max. Number of 
Auxil1ary Drives 

Autochange 
Moment 

~--~P-ar-I=D-10~2~9---.-----4r-~P~a-r.~ID~1~02~9--~~Time 

Aux. Dnve 
1 Control 

Aux. Dnve 

Autochange Interval Autochange Interval 

2 Control ------' 

Figure 9-36: Autochange Interval and Limits 

2.10.8 Start frequency, auxiliary drive 1 101002 

The frequency of the drive controlled by the drive must exceed the limit defined with 
these parameters with 1 Hz before the auxiliary drive is started. The 1 Hz overdraft 
makes a hysteresis to avoid unnecessary starts and stops. See also parameters 2.1.1 
and 2.1.2. 
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2.10.9 Stop frequency, auxiliary drive 1 ID1003 

The frequency of the drive controlled by the drive must fall with 1Hz below the limit 
defined with these parameters before the auxiliary drive is stopped. The stop 
frequency limit also defines the frequency to which the frequency of the drive 
controlled by the drive is dropped after starting the auxiliary drive. 

Keypad Control Parameters 

MN04003020E 

P3.1 Control place 

The active control place can be changed with this parameter. For more information, 
see Page 5-10. 

R3.2 Keypad reference 

The frequency reference can be adjusted from the keypad with this parameter. For 
more information, see Page 5-11. 

P3.3 Keypad direction 

This parameter allows you to invert the error value of the PID controller (and thus the 
operation of the PID controller). 

0 Forward: The rotation of the motor is forward, when the keypad is the 
active control place . 

1 Reverse: The rotation of the motor is reversed, when the keypad is the 
active control place. 

For more information, see Page 5-11. 

R3.4 Stop button activated 

If you wish to make the Stop button a "hotspot" which always stops the drive 
regardless of the selected control place, give this parameter the value 1 (default). See 
Page 5-11. 

See also parameter 3.1. 

R3.5 PID reference 1 

The PID controller keypad reference can be set between 0% and 100%. This reference 
value is the active PID reference if parameter 2.9.2 = 2. 

R3.6 PID reference 2 

The PID controller keypad reference 2 can be set between 0% and 100%. This 
reference is active if the DIN# function=12 and the DIN# contact is closed . 
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Control Signal Logic • 
DIN3 & Exp. DIE1 2.1 .2 Max. Frequency I--

DIN3 2 1.20 Preset Speed 1 I--
DIN3~ 

Preset Speed 1 

preset Speed 2 
.. , ------------------1 Exp. DIE1 2.1 .21 Preset Speed 2 I--

Exp. DIE1 I 

Exp. DIE3 Q3 

I 
_____ _!'!!~~d_!'!.Q ______________________ t~~~~~~!!'-~Y£.8.'!...~~-~~~-#_:!~ 

2.2.21 F1eldbus Ctrl. Reference --------------
2.2.20 Keypad Ctrl. Reference ------------~ 

2.1.141/0 Reference ----------, 
I 
I 

DIN2 Q3 ~ 
I 

Motor I I R3.6 PID Keypad Ref. 2 ~ 

>0 
I 

DIN3 Q3 1oown PotentiOmeter I )----
I 

I 1-- I 
2.9.2 PID Reference -----, I Actual Value : r-

All .a 
I I Input, Par. 2.9.3 

~~ I 
Al2~ 

r-...L-+-------- P2.9. 1 PID Act1vat1on ~ P3.5 PID Keypad Reference {'PIDI 

r-J 3 I I I I 
Reference from F1eldbus r--' I I ---------1 

IFBProcessData IN 1 l ~ I I I 

R3.2 Keypad Reference 2 1/0 I I I' I 

3 Ref. I : 4 2.1.14 I I I 
I I I 

I 1-I • 
r-or-- .J 

I 1~ ~ I I 1 i I 3.1 Control Place I 
2 

I iY 3 
4 I 5 

I 
~ '-Or 

___ .J 

Keypad Internal Frequency Ref 
--11 Control Keypad 
~2i 

Fieldbus 
3F 
4 

~~~~~~~~~ 5 
Reference from Field bus 1--- Reset Button 

Start/Stop from Field bus 

~ Direction from F1eldbus e Start/Stop Buttons 

'- -j--, -Start Froward 
DIN1 Programmable 

I 
L-.1 Internal Start/Stop 

Start Reverse (programmable) Start/Stop and 
DIE2 Reverse Log1c 

I 
I 

I Internal Reverse 
3.3 Keypad Direct1on 

.. , Internal Fault Reset 
Fault Reset Input (programmable) 

Exp. DIE2.., 

Figure 9-37: Control Signal Logic of the Multi-Control Application 
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Appendix A - Fault Codes 

MN04003020E 

When a fault is detected by the drive's control electronics, the drive is stopped and the 
symbol F together with the ordinal number of the fault, the fault code and a short fault 
description appear on the display. The fault can be reset with the RESET button on the 
control keypad or via the 1/0 terminal. The faults are stored in the Fault History Menu M5, 
which can be browsed. Table A-1 contains all the fault codes. 

Table A-1: Fault Codes 

Fault 
Code Fault Possible Cause Solution 

1 Overcurrent Drive has detected too high a current Check loading. 
(>4xlnl in the motor cable: Check motor. 
• sudden heavy load increase Check cables. 
• short circuit in motor cables 

• unsuitable motor 

2 Overvoltage The DC-I ink voltage has exceeded Set the deceleration time longer. 
the limits defined in Table 1-8: 
• too short a deceleration time 

• high overvoltage spikes in supply 

3 Ground Fault(') Current measurement has detected Check motor cable and motor. 
that the sum of motor phase currents 
is not zero. 

• insulation failure in cables or 
motor 

5 Charging Switch The charging switch was open when Reset the fault and restart. 
the START command was been given Should the fault re-occur, contact 
due to: your Cutler-Hammer distributor. 
• faulty operation 

• component failure 

6 Emergency stop An Emergency stop signal was Determine the reason for the 
received from one of the digital Emergency stop and remedy it. 
inputs 

7 Saturation trip • defective component Cannot be reset from the keypad. 

• motor or motor cable short Switch off power. 
If this fault appears simultaneously 
with Fault 1, check the motor and 
motor cables. 
IF THE PROBLEM IS NOT IN THE 
MOTOR OR ITS CABLES, DO NOT 
RE-CONNECT POWER! 
Contact your Cutler-Hammer 
distributor. 

8 System fault • component failure Reset the fault and restart. 
• faulty operation Should the fault reoccur, contact 

your Cutler-Hammer distributor. 

G) Programmable . 
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Table A-1: Fault Codes (Continued) 

Fault 
Code Fault 

9 Undervoltage <D 

10 0 Input line 
supervision 

11 Output phase 
supervision I· 

13 Drive 
undertemperature 

14 Drive 
overtemperature 

15 Motor stalled·!' 

16 Motor 
overtemperature \0 

17 Motor underload <D 

22 EEPROM 
checksum fault 

24 Counter fault"' 

25 Microprocessor 
watchdog fault 

29 Thermistor fault <;J 

32 Fan cooling 

34 Internal bus 
communication 

35 Application fault 

Cl' Programmable. 
'1! ·A" faults only. 

Possible Cause 

DC-I ink voltage is under the voltage 
limits defined in 

• most probable cause: too low a 
supply voltage 

• drive internal fault 

Input line phase is low or missing. 

Current measurement has detected 
that there is no current in one motor 
phase. 

Heatsink temperature is under -10°C. 

Heatsink temperature is over 90°C. 

Overtemperature warning is issued 
when the heatsink temperature 
exceeds 85°C. 

Motor stall protection has tripped. 

• motor overheating has been 
detected by drive motor 
temperature model 

• motor is overloaded 

Motor underload protection has 
tripped. 

Parameter save fault 

• faulty operation 

• component failure 

Values displayed on counters are 
incorrect. 

• faulty operation 

• component failure 

The thermistor input of option board 
has detected increase of the motor 
temperature. 

The cooling fan did not start when 
commanded 

Ambient interference or defective 
hardware 

Selected application does not 
function 

For more mformatJon VISit: www.eaton.com 
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Solution 

In case of temporary supply voltage 
break, reset the fault and restart the 
drive. Check the supply voltage. If it 
is adequate, an internal failure has 
occurred. 
Contact your Cutler-Hammer 
distributor. 

Check the utility supply voltage, 
cables and connections. 

Check motor cable and motor. 

Provide supplemental heating, or 
relocate drive. 

Check the correct amount and flow of 
cooling air. 
Check the heatsink for dust. 
Check the ambient temperature. 
Make sure that the switching 
frequency is not too high in relation 
to ambient temperature and motor 
load. 

Check motor. 

Decrease the motor load. 
If no motor overload exists, check the • temperature model parameters. 

Contact your Cutler-Hammer 
distributor. 

Reset the fault and restart . 
Should the fault re-occur, contact 
your Cutler-Hammer distributor. 

Check motor cooling and loading. 
Check thermistor connection. 
(If thermistor input of the option 
board is not in use, it has to be short 
circuited.) 

Contact your Cutler-Hammer 
distributor. 

Should the fault re-occur, contact 
your Cutler-Hammer distributor. 

Contact your Cutler-Hammer 
distributor. 

• 
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Table A-1: Fault Codes (Continued) 

Fault 
Code Fault 

39 Device removed ® 

40 Device unknown 

41 IGBT temperature 

44 Device change !fJ 

45 Device added •l• 

50 Analog input 
l;n <4 rnA (selected 
signal range 4 to 
20 rnA) C•) 

51 External fault 

52 Keypad 
communication 
fault 

53 Fieldbus fault ·D 

54 Slot fault •1· 

55 Actual value 
supervision "' 

0 Programmable. 
r!) "A" faults only . 

Possible Cause Solution 

• option board removed Reset 

• drive removed 

Unknown option board or drive. Contact your Cutler-Hammer 
distributor. 

IGBTinverterBridge Check loading. 
overtemperature protection has Check motor size. 
detected too high a motor current. 

• option board changed Reset. 

• option board has default settings 

• option board changed Reset. 

• option board has default settings 

Current at the analog input is Check the current loop circuitry. 
<4mA. 

• control cable is broken or loose 

• signal source has failed . 

Digital input failed. Digital input has Check the programming and the 
been programmed as external fault device indicated by the external fault 
input and this input is active. information. Check also the cabling 

of this device. 

The connection between the control Check the keypad connection and 
keypad and the drive is broken. keypad cable. 

The data connection between the Check installation. 
fieldbus master and the fieldbus If installation is correct contact your 
board is broken. Cutler-Hammer distributor. 

Defective option board or slot. Check that the board is properly 
installed and seated in slot. If the 
installation is correct, contact your 
Cutler-Hammer distributor. 

Actual value has exceeded or fallen 
below (depending on para. 2.7.22) 
the actual value supervision limit 
(para. 2.7.23) 
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Appendix B- Expander Board OPTAA 

Description of Expander Board OPTAA 
Description: 

Allowed slots: 

1/0 expander board with one relay output, one open collector output and three digital inputs. 

SLX9000 board slot E 

Type 10: 16705 

Terminals: Two terminal blocks; screw terminals (M2.6 and M3); no coding 

Jumpers: None 

Board parameters: None 

Figure B-1: Expander Board OPTAA 

1/0 Terminals on OPTAA 

Table B-1: 1/0 Terminals of Board OPTAA 

Parameter 
Terminal Setting Description 

X3 

Xl 

I 

1 +24V Control voltage output; voltage for switches etc., max. 150 rnA 

2 GND Ground for controls, e.g. for +24V and DO 

3 DIN1 DIGIN:x.1 Digital input 1 

4 DIN2 DIGIN:x.2 Digital input 2 

5 DIN3 DIGIN:x.3 Digital input 3 

6 D01 DIOUT:x.1 Open collector output, 50 mA/48V 

X5 

24 R01/NC DIOUT:x.2 Relay output 1 (NO) 
Switching capacity: 24V DC/8A 

25 R01/C =::::7' 
250V AC/8A 
125V DC/.4A 

26 R01/NO _____J 

Note: The +24V control voltage terminal can also be used to power the control module (but 
not the power module) . 
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Appendix C- Expander Board OPT AI 

Description of Expander Board OPT AI 
Description: 1/0 expander board with one relay output (NO), three digital inputs and one thermistor 

input for SLX9000 drives. 
Allowed slots: SLX9000 board slot E 
Type ID: 
Terminals: 
Jumpers: 

16713 

Two terminal blocks; screw terminals; no coding 
None 

Board parameters: None 

• 

Figure C-1: Expander Board OPTAI 

1/0 Terminals on OPT AI 

MN04003020E 

Table C-1: 1/0 Terminals of Board OPTAI 

Terminal Description 
X4 
12 +24V Control voltage output; voltage for switches etc., max. 150 mA 

13 GND Ground for controls, e.g. for +24V and DO 

14 DIN1 DIGIN:B.1 Digital input 1 

15 DIN2 DIGIN:B.2 Digital input 2 

16 DIN3 DIGIN:B.3 Digital input 3 
X2 
24 R01/ DIOUT:B.1 Relay output 1 (NO) 

Common ____/' Switching capacity: 24V DC/SA 

25 R01/Normal 
250V AC/BA 

_____l 125V DC/.4A 
Open 

X3 

Tl+ Thermistor input; Rtrip = 4.7 kQ (PTC) 

Tl-

Note: The +24V control voltage terminal can also be used to power the control module (but 
not the power module) . 
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Appendix D - Option Board Kits 

230V, FR7 - FRS 460V and 575V Drives 

The factory installed standard board configuration includes an A9 1/0 board and an A2 relay 
output board, which are installed in slots A and B . 

Figure D-1: Option Boards 

Table D-1: Option Board Kits 

Allowed Field Factory 

Slot Installed Installed 9000X Ready Programs 

Option Kit Locations Catalog Option 
Basic I ~~~~te I Standard I MSS I PID I Multi-P.I PFC Description 0 (i) Number Designator 

Standard 1/0 Cards (See F1gure D-11 
2 RO (NC/NOI B OPTA2 - X X X 
6 Dl, 1 DO, 2 AI, 1AO, 1 A OPTA9 - X X X 
+ 1 OV DC ref, 2 ext +24V DC/ 
EXT +24V DC 

Extended 1/0 Card Opt1ons 

2 RO, Therm B OPTA3 A3 - X X 

Encoder low volt +5V/15V24V c OPTA4 A4 - X X 

Encoder high volt + 15V/24V c OPT AS AS - X X 
Double encoder- SPX Only c OPTA7 A7 X X X 

6 Dl, 1 DO, 2 AI, 1 AO A OPT AS AS - X X 

3 Dl (Encoder 10- 24VI, c OPTAE AE X X X 
Out +15V/+24V, 2 DO 
(pulse+direction)- SPX Only 

:D Opt1on card must be mstalled m one of the slots listed for that card. Slot md1cated in Bold is the preferred location. 
0 AI =Analog Input; AO = Analog Output, Dl = D1g1tal Input, DO = D1gital Output, RO = Relay Output 

MN04001004E For more mformation VISit. www.eaton.com 
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Table D-1: Option Board Kits (Continued) 

Allowed Field Factory 
Slot Installed Installed 9000X Ready Programs 

Option Kit Locations Catalog Option 
Basic I ~~:~te I Standard I MSS I PID I Multi-P.I PFC Description <1.1 Q) Number Designator 

Extended 1/0 Card Opttons (Contmued) 

6 Dl, 1 ext +24V DC/EXT B,C,D,E OPTB1 81 - - -
+24V DC 
1 RO INC/NO), 1 RO (NO), B,C,D,E OPTB2 82 - - -
1 Therm 
1 AI (rnA isolated), 2 AO B,C,D,E OPTB4 84 - X X 
(mA isolated), 1 ext +24V DC/ 
EXT +24V DC 
3 RO (NO) B,C,D,E OPTB5 85 - - -

1 ext +24V DC/EXT +24V DC, B,C,D,E OPTB8 88 - - -
3 Pt100 
1 RO (NO), 5 Dl 42- 240V AC B,C, D, E OPTB9 89 - - -
Input 
SPI, Absolute Encoder c OPTBB BB - - -

~~ Option card must be installed m one of the slots ltsted for that card Slot md1cated m Bold IS the preferred location. 
'Y AI= Analog Input; AO =Analog Output, Dl = D1g1tallnput. DO= D1gital Output, RO =Relay Output 
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Important Notice - Please Read 

MN04003011 E 

The product discussed in this literature is subject to terms and conditions outlined in Eaton 
Electrical Inc. selling policies. The sole source governing the rights and remedies of any 
purchaser of this equipment is the relevant Eaton Electrical Inc. selling policy. 

NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF FITNESS FOR A 
PARTICULAR PURPOSE OR MERCHANTABILITY, OR WARRANTIES ARISING FROM COURSE 
OF DEALING OR USAGE OF TRADE, ARE MADE REGARDING THE INFORMATION, 
RECOMMENDATIONS AND DESCRIPTIONS CONTAINED HEREIN. In no event will Eaton 
Electrical Inc. be responsible to the purchaser or user in contract, in tort (including 
negligence), strict liability or otherwise for any special, indirect, incidental or consequential 
damage or loss whatsoever, including but not limited to damage or loss of use of equipment, 
plant or power system, cost of capital, loss of power, additional expenses in the use of 
existing power facilities, or claims against the purchaser or user by its customers resulting 
from the use of the information, recommendations and descriptions contained herein. 

The information contained in this manual is subject to change without notice. 

Cover Photo: Cutler-Hammer® 9000X Drives 
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Safety 

Definitions and Symbols 

A WARNING 

This symbol indicates high voltage. It calls your attention to items 
or operations that could be dangerous to you and other persons 
operating this equipment. Read the message and follow the 
instructions carefully. 

A 
This symbol is the "Safety Alert Symbol." It occurs with either of 
two signal words: CAUTION or WARNING, as described below. 

A WARNING 
Indicates a potentially hazardous situation which, if not avoided, 
can result in serious injury or death. 

A CAUTION 
Indicates a potentially hazardous situation which, if not avoided, 
can result in minor to moderate injury, or serious damage to the 
product. The situation described in the CAUTION may, if not 
avoided, lead to serious results. Important safety measures are 
described in CAUTION (as well as WARNING). 

Hazardous High Voltage 

MN0400301 1 E 

A WARNING 

Motor control equipment and electronic controllers are connected 
to hazardous line voltages. When servicing drives and electronic 
controllers, there may be exposed components with housings or 
protrusions at or above line potential. Extreme care should be taken 
to protect against shock. 

Stand on an insulating pad and make it a habit to use only one 
hand when checking components. Always work with another 
person in case an emergency occurs. Disconnect power before 
checking controllers or performing maintenance. Be sure 
equipment is properly grounded. Wear safety glasses whenever 
working on electronic controllers or rotating machinery. 

A WARNING 

After disconnecting the utility, wait until the unit cooling fan stops 
and the indicators on the control panel are extinguished (if no 
keypad is present, check the indicators in the cover). Wait five more 
minutes before doing any work on the connections. Do not open 
the cover before this time has run out . 
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Chapter 1 - General 

MN04003011 E 

The NEMA Type 12 Kit is used to convert a Cutler-Hammer® 9000X drive by Eaton Electrical® 
from a NEMA Type 1 to a NEMA Type 12 enclosure. A NEMA Type 12 enclosure may be 
necessary when the adjustable frequency drive is used in ambient conditions that may 
contain moisture or dust. 

According to standard IEC 60529 (EN 60 529), the NEMA Type 12 adjustable frequency drives 
enclosure provides protection against dust and water sprayed from all directions. Limited 
ingress of both is permitted. 

Note: A NEMA Type 12 enclosure does not protect the adjustable frequency drive against 
strong jets of water or against the effects of immersion . 

For more mformat1on v1s1t www.eatonelectrical.com 1-1 
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Chapter 2 - Contents of Kits 

OPTN12FR4 (Frame 4) and OPTN12FR5 (Frame 5) 

MN04003011 E 

The contents of the NEMA Type 12 Kits for Frames 4 and 5 are shown in Figure 2-1. 

I 1 

l 
I I 

i l 

- ~~~~-- ~----~-~------' 

Components 

1. NEMA 12 Enclosure 
2. Removable Conduit Plate 
3. NEMA 12 Cable Cover with 

Auxiliary Fan 

;..u..t 
w 
0 

•• 0 

~ Ill 
JJJl® 

0 
® 

4. Screws (M4x10) 

5. Grounding Terminals 
6. Screws (M4x8) 
7. Screws (M4x16) 

8. Caution Label 
9. Control Cable Entry Clamps 

Figure 2-1: Contents of NEMA Type 12 Kit for OPTN12FR4 and OPTN12FR5 

For more mformat1on visit www.eatonelectrical.com 2-1 
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OPTN12FR6 (Frame 6) 
The contents of the NEMA Type 12 Kit for Frame 6 is shown in Figure 2-2. 

Components 

1. Grounding Terminals 

2. Screws, M4x10 

3. Grounding Cable Clamps 

4. Cable Clamps 
5. Screws, M4x16 

6. Grounding Screws M5x16 

0:'"· 
~ 

·~ 

.~·. 

0~ 

~ 
,, (> 

7. Rubber Grommets (sizes vary from class to class) 
8. Cable Entry Flange 

Cutler-Hammer 

January 2004 

Figure 2-2: Contents of NEMA Type 12 Kit for OPTN12FR6 
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Chapter 3 - Installation 

Installation Instructions for Frame 4 

MN04003011 E 

A WARNING 

After disconnecting the utility, wait until the unit cooling fan stops 
and the indicators on the control panel are extinguished (if no 
keypad is present, check the indicators in the cover). Wait five more 
minutes before doing any work on the connections. Do not open 
the cover before this time has run out. 

Table 3-1: Instructions for NEMA Type 12 Kit Installation- Frame 4 

I Step I Procedure 

1 Detach the fan carefully by pushing into the 
connector on the side . 

2 Insert the plastic sealing that is shown next to 
the hole. 

3 Re-install the fan ensuring that the connector 
clip fits accurately . 

For more mformat1on v1sit: www.eatonelectrical.com 3-1 
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Table 3-1: Instructions for NEMA Type 12 Kit Installation- Frame 4, continued 

3-2 

I Step I Procedure 

4 Remove the cover of the control. 

5 Open the control cable cover and remove the 
cable cover and detach the grounding rack. 

6 

7 

Close the cable entry with the grounding 
lugs. 

Attach the cable cover with fan #2. 

For more informat1on visit: www.eatonelectrical.com MN0400301 1 E 
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Cutler-Hammer NEMA 12 Conversion Kit -Installation Manual 

Table 3-1: Instructions for NEMA Type 12 Kit Installation- Frame 4, continued 

I Step I Procedure 

8 Connect the red wire into terminal 6 and the 
black wire into terminal 7. 

9 Re-install the grounding rack with cable 
clamps mounted using (M4x16) screws next 
to fan (#2) . 

10 Install the NEMA 12 conduit plate on the base 
of the drive. 

11 Tightly screw in the enclosure using the 
attached screws . 

For more mformation vis1t www.eatonelectrical.com 
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Installation Instructions for Frame 5 

3-4 

A WARNING 
After disconnecting the utility, wait until the unit cooling fan stops 
and the indicators on the control panel are extinguished (if no 
keypad is present, check the indicators in the cover). Wait five more 
minutes before doing any work on the connections. Do not open 
the cover before this time has run out. 

Table 3-2: Instructions for NEMA Type 12 Kit Installation- Frame 5 

I Step I Procedure 

1 Remove the cover of the AF Drive. 

2 Open the small lid on the power unit cover, 
and leave the opening uncovered. 

3 Detach the fan carefully by pushing into the 
connector on the side. 

r 

For more mformat1on v1sit: www.eatonelectrical.com 
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Cutler-Hammer NEMA 12 Conversion Kit-Installation Manual 

Table 3-2: Instructions for NEMA Type 12 Kit Installation- Frame 5, continued 

I Step I Procedure 

4 Insert the rubber sealing as shown for FRS. 

5 Re-install the fan ensuring that the connector 
clip fits accurately. Do not force . 

6 Open the control cable cover, remove the 
cable cover, and detach the grounding rack. 

7 Close the cable entry with the screws 
provided . 

For more mformation v1s1t www.eatonelectrical.com 
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Table 3-2: Instructions for NEMA Type 12 Kit Installation- Frame 5, continued 

3-6 

I Step I Procedure 

8 Attach the #2 cooling fan to the NEMA Type 
12 power cable cover. 

9 Connect the red wire into terminal 6 and the 
black into terminal 7. 

10 

11 

Re-install the grounding rack with cable 
clamps mounted using (M4x16) screws next 
to fan (#2). 

Install the NEMA 12 cable entry flange on the 
base of the drive. 

L ______ _ 

For more mformation visit. www.eatonelectrical.com 
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Installation Instructions for Frame 6 

MN04003011 E 

Table 3-3: Instructions for NEMA Type 12 Kit Installation- Frame 6 

I Step I Procedure 

1 Remove the cover of the AF Drive. 

2 Remove the cable cover and screw the 
grounding cable clamps into place . 

3 Re-install the cable cover. 

4 Mount the cable clamps on the grounding 
rack with the three M4x16 screws . 

For more informatiOn visit. www.eatonelectrical.com 3-7 
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Table 3-3: Instructions for NEMA Type 12 Kit Installation- Frame 6, continued 

3-8 

I Step I Procedure 

5 Open the small lid on the power unit cover, 
and set the screw aside for later use. 

6 Seal the air inlets with the rubber sealing that 
comes with the kit. 

7 Mount the fan as shown over the closed 
inlets, and use screws from Step 5. 

8 Connect the red wire into terminal #6 and the 
black into terminal #7. 

For more mformation v1sit www.eatonelectrical.com MN04003011 E 
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Cutler-Hammer NEMA 12 Conversion Kit-Installation Manual 

Table 3-3: Instructions for NEMA Type 12 Kit Installation- Frame 6, continued 

I Step I Procedure 

9 Route wiring as shown in the picture at right. 

10 

11 

Install the NEMA Type 12 cable entry flange 
on the base of the drive . 

Cover the adjustable frequency drive with the 
NEMA Type 12 enclosure. 

12 lightly screw in the enclosure using the 
attached screws . 

For more mformat10n v1sit: www.eatonelectrical.com 3-9 
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Chapter 4 - Specifications 

Table 4-1: NEMA Type 12 Kit- Dimensions and Weight 

Catalog Frame Approximate Dimensions in Inches (mm) Approximate 
Number Size Weight in 

Lb. (kg) 

Length Width Height Weight 

OPTN12FR4 Fr4 13 (330) 7 (178) 4 (102) 4 (1.8) 

OPTN12FR5 Fr5 16 (406) 8 (203) 7 (178) 5 (2.3) 

OPTN12FR6 Fr6 21 (533) 10 (254) 5 (127) 7 (3.2) 

• 

• 
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Company Information 
Eaton Electrical Inc. is a global leader in electrical control, power distribution, and 
industrial automation products and services. Through advanced product development, 
world-class manufacturing methods, and global engineering services and support, 
Eaton Electrical® provides customer-driven solutions under brand names such as 
Cutler-Hammer®, Durant®, Heinemann®, Holec® and MEM®, which globally serve the 
changing needs of the industrial, utility, light commercial, residential, and OEM markets. 
For more information, visit www.eatonelectrical.com. 

Eaton Corporation is a global diversified industrial manufacturer with 2002 sales of $7.2 
billion that is a leader in fluid power systems; electrical power quality, distribution and 
control; automotive engine air management and fuel economy; and intelligent drivetrain 
systems for fuel economy and safety in trucks. Eaton has 51,000 employees and sells 
products in more than 50 countries. For more information, visit www.eaton.com. 

Eaton Electrical 
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USA 
tel. 1·800·525·2000 
www.eatonelectncal.com 

Cutler-Hammer 
~ 2004 Eaton Corporauon 
All R•ghts Reserved 
Pnnted '" USA 
Pubhcation No MN04003011 EJCPG 
January 2004 

• 

• 

• 



• 

• 

• 

Section 
Four 



·~-

• 

B/SCO _ 
Environmental S!I·-

Soil and Groundwater Remediation Equipment 

Operation & Maintenance Manual 

+ 

+ 

Water Treatment 
Air Stripper System 

Proiect 12365 

Proposal # 1 07 405-1 
SEI- Omega - GA 

Prepared for: 

SEI 

+ 

+ 

587 Palm Canyon Drive, Suite 209 
Borrego Springs CA, 92004 

135 ROBERT TREAT PAINE DRIVE 
TAUNTON,MASSACHUSETTS02780 

TIEL: (508) 738-51100 FAX: (508) 738-5022 

www.biscoenv.com 



ShallowTray® 
Low Profile Air Stripper 

Installation, Operation, 
& 

Maintenance Manual 

Serial Number: 

BISCO Environmental-NEEP 
135 Robert Treat Paine Drive, Taunton, Massachusetts 02780 

Phone: 508~738-5100 Fax : 508-738-5022 Email: sales@biscoenv.com 

500-200-00560 05/07 

• 

• 

• 



·~----- df!£flntal 

• 

• 

Soil and 'Groundwater Remediation Equipment 

Table of Contents 

Section 1 -Air Stripper System 
• NEEP, Shallow Tray, Low Profile Air Stripper Specifications 
o NEEP, Shallow Tray, Low Profile Air Stripper Installation, Operation & Maintenance 

Manual 
• American Fan Mode.l RB-351, Air Stripper Blower Specifications & Performance Curve 
• American Fan Company, Air Stripper Blower Installation, Operation & Maintenance 

Manual 
• AMCA Recommended Safety Practices for Industrial & Commercial Fans 

Section 2 -Transfer Pump 
• American Stainless Pump, Air Stripper Discharge Transfer Pump Installation Operation 

& Maintenance Instructions 

Section 3 - Instrumentation 
• Dwyer Series 2000 Differential Pressure Gauge Specifications - Installation & 

·operating Instructions 
• Dwyer Series 605 Magnehelic Differential Pressure Indicating Transmitter 

Specifications - Installation & Operating Instructions 
• Dwyer Series 1950 Differential Pressure Switch Specifications - Installation & 

Operating Instructions 
• Air Stripper Sump Float Level Switch Specifications 

Section, 4 - Control Panel 
• Control Panel S_chemati~ & Wiring Diagrams 
• Main Circuit Breaker (CBM) lnstaliation, Operation & Inspection Instructions 
• Allen-Bradley Overload .Relay Application Bulletin 
• Allen-Bradley 700-FSA3UU23, Timing Relay Specifications 

Sectl~n 5 - System Drawings 
• Water Treatment Air Stripper Process & Instrumentation Diagram 

Section 8.- Warranty 
• ·Limitation of Warranty & Limitation of Remedy 



BISC:O _ 
Environmental · 

Soil and Groundwater Remediation Equipment 

Section 1 - Air Stripper System 

• NEEP, Shallow Tray, Low Profile Air Stripper Specifications 
• NEEP, Shallow Tray,.Loy.~ Profile Air Stripper Installation, Opera~ion & Mainten~nce 

MaQual 
• American Fan Model RB-351, Air Stripper Blower Specifications & Performance 

Curve 
• American Fan Company, Air Stripper Blower Installation, Operation & Mainten~nce 

Manual 
• AMCA Recommended Safety Practices for Industrial·& Commercial Fans 

• 

• 

• 



• 

• 

•• 

TABLE OF CONTENTS 

ShallowTray Low Profile Air Stripping System 

The ShallowTray Process 

The ShallowTray Basic System 

ShallowTray Components 

Operating Instructions 

Special Precautions 

Equipment Set-Up 

Initial Start-Up 

Routine Operation 

Cleaning Procedures 

Troubleshooting 

Components List, Drawings, & Cutsheets 

Section 1 

1-1 

1-2 

1-3 

Section 2 

2-1 

2-2 

2-3 

2-11 

Section 3 

Section 4 

Section S 



The ShallowTray 
Process 

Air is vented to the atmosphere or to vapor 
phase treatment of choice. 

Turbulent frothing maximizes 
volatilization and scours the 
stripper tray. 

Contaminated water inlet. 

Treated water falls into 
holding tank. 

Shallow Tray Operation and Maintenance Manual 

• 
Water travels around the full 
length of the baffled tray, becoming 
progressively cleaner. 

. -

3fla• (4.8mm) 
holes resist 
fouling . 

• 
Fan blows fresh 
air up through 
hundreds of holes 
into the water . 

• 
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Section 1: ShallowTray Process 

THE SHALLOWTRAY TREATMENT PROCESS 

The purpose of air stripping is to removed dissolved volatiles from liquids. Such dissolved volatiles 
include radon and carbon dioxide removed from potable wellwater, volatile organic compounds 
(VOCs) removed from contaminated groundwater plumes, and VOCs removed from industrial 
process and wastewater treatment streams. 

The stripping mechanism of the proprietary ShallowTray low profile perforated plate air stripper is 
dependent on the flow of an influent liquid through a long, narrow channel on a discrete number of 
trays while subject to a countercurrent flow of ambient air at a fixed flowrate. 

The intense formation and rupture of billions of bubbles in the confmed narrow path of water flowing 
counter--current to multiple fresh air vents is a dynamic process that provides a mass transfer 
mechanism that displaces the dissolved volatiles from the aqueous stream into the vapor stream. 

The ShallowTray low profile air stripper mechanism is a proprietary process protected under U.S. 
Patent# 5045,215 and 5,240,595 . 



The ShallowTray 
Basic System 

AIR EXHAUST 

t 

1. 2331 STAINLESS PRESSURE SYSTEIII 
(FORCED DRAFT) 

3. 2331 STAINLESS VACUUIII SYSTEM 
CINDUCED DRAFT) 

Shallow Tray Operation and Maintenance Manual 

AlA EXHAUST 

f 

2. 2331-P LLDPE PRESSURE SYSTEM 
(FORCED DRAFT) 

AIR INLfT 

4. 2331-1' LLDPE PRESSURE SYSTEM 
(INDUCED DRAFT) 

• 

AIR INLEl 

• 

• 
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RIGHT SIDE MINIMUM CLEARANCE 

FRONT 1.Sft. 

TOP 15 ln. 

REAR N/A 

LEFT 6.511. 

RIGHT 1ft. 

~;:Ecr 1 •..:1 891n. 

so· in. 

7fin. 
INSPECTION ~Ill 
PORT 

62-ln. 

!::~:-'·:~-~.:''::": /':'.':. '·::·'3:'~:::_;',· :::. •.::;:::':'·: :.~'-:1 7 in. 

'----------74in.----------

BASIC SVSJEM 

.3l_ SUMP TANK 

.J_ STRIPPER TRAYS 
""'=-BLOWER 

~
MIST ELIMINATOR 
PIPING 
SPRAY NOZZLE 

_,.WATER LEVEL SIGHT TUBE 
..,. GASKETS 
LLATCHES 

OPTIONAL ITEMS 

.J... SKID & STANCHION 

..L GRAVITY DISCHARGE PIPING 
SL DISCHARGE PUMP 
_FEED PUMP 
_ AODmONAL BLOWER 
_EXPLOSION-PROOF MOTOR(S) 
.....,. LOCAL DISCONNECT NEMA 7 
v. CONTROL PANEL 
T MAIN DISCONNECT SWITCH 
_,.I.S. COMPONENTS/REMOTE MOUNT 
.X... INTERMITTENT OPERATION 
_STROBE UGHT 
_ALARM HORN 

~ rg~~~~~~J~~~~~M SWITCH(ES) 
HIGH WATER LEVEL ALARM SWITCH 
DISCHARGE PUMP LEVEL SWITCH 

_WATER PRESSURE GAUGE($) 
DIGITAL WATER FLOW INDICATOR 

LAIR PRESSURE GAUGE 
..,£AIR FLOW METER 

TEMPERATURE GAUGE($) 
- LINE SAMPLING PORT(S) 
-AIR BLOWER SILENCER 
;z_ WASHER WAND 
_AUTO DIALER 

~THIS DRAWING IS REPRESENTATIVE OF A STANDARD 
SHALLOWTRAY CONFIGURATION, AND IS NOT INTENDED 
FOR ENGINEERING DESIGN OR LAYOUT. ACTUAL 
ARRANGEMENT AND DIMENSIONS MAY VARY DEPENDING POWER: 30,230 Volt, 3 WIRE+ GROUNI;l60 Hz 
ON BLOWER SELECTION OR OTHER ACCESSORIES. PLEAS'eoNSULT N.E.E.P. FOR OTI-IER 
CONTACT NEEP FOR DETAILED DESIGN INFORMATION. AMPACITIES AND VOLTAGE OPTIONS 

CONNECTION INFORMATION 

ITEM SIZE 

GRAVITY DISCHARGE 4"0 FLANGE, PVC80 

DISCHARGE PUMP 2'0FNPT 

WATER INLET 2'0FNPT 

AIR EXHAUST NOZZLE 8"0 STUB wlfr' CPLG 

STRIPPER CONSmUCDON: 
304L STAINLESS STEEL 

NORTH EAST ENVIRONMENTAL PRODUCTS, INC. 
7 COMMERCE AVENUE 
WEST LEBANON, NEW HAMPSHIRE 03784 
PHONE: 603-2118-7061 FAX: 603-2118-7063 



1-2 THE SHALLOWTRA Y BASIC SYSTEM 

ShallowTray systems are fabricated from 304L stainless steel, 316L stainless steel, or rotationally 
molded polyethylene, and are provided with components to facilitate the requirements of the process, 
including the following: 

Forced Draft Versus Induced Draft 

Forced Draft (F.D.) System: The blower is installed so that the air is fed under 
positive pressure into the stripper sump below the stripper trays are pressurized. This arrangement is 
used when the maximum total blower discharge pressure (air stripper plus other downstream pressure 
losses) does not exceed 26 inches (56cm) water column (w.c.) pressure for plastic strippers, or 32 
inches (82cm) w.c. for stainless steel strippers. 

Induced Draft (I.D.) System The blower is installed such that it pulls air into the 
stripper sump, up through the trays, and into the blower inlet, thus subjecting the stripper interior to a 
slight vacuum. Removal efficiency is not changed by this arrangement. The blower is therefore sized 
to provide the pressure drop required for the ShallowTray, plus the pressure drop required by 
downstream offgas treatment devices. 

High Water Flow Versus Low Water Flow 

Due to increased froth heights on the trays at higher flowrates, two water flow ranges are considered 
in the design of the basic system, Low Flow and High Flow. The high flow system requires a 
blower that produces an additional4 inches (10.2 em) w.c. pressure drop across the stripper as 

• 

compared to the low flow system blower. The Low and High water flow ranges for each • 
ShallowTray series are listed in the table below: 

ShallowTray Low Water High Water 
Series Flow Range Flow Range 

1300P 0.5- 15 gpm N/A 
1300 0.5- 15 gpm 16-22.5 gpm 

2300P 1-30 gpm 31-50 gpm 
2300 1-30 gpm 31-45gpm 
2600 2-60 gpm 61-115 gpm 
3600 3-90 gpm 91-160 gpm 

31200 4-150 gpm 151 -425 gpm 
41200 6-200 gpm 201-550 gpm 
61200 12-350 gpm 351 - 1000 gpm 

1-3 Basic System Components 

Components information sheets ("cutsheets") from the manufacturer are included in the Components 
Information Section (Section 5) at the back of this manual 

Blower 

The blower supplied with the ShallowTray low profile air stripper unit is typically type B spark 
resistant with a cast aluminum wheel, direct driven @ 3450 rpm, with motor options of Totally 
Enclosed Fan Cooled (TEFC) or Explosion Proof (EXP), as determined by the power available and 
electrical code classification of the site. • 



• 

• 

• 

Each blower is selected to provide air flow that exceeds the minimum standard cubic feet per minute 
(SCFM) air flow required at the required working pressure (inches of w.c.) of the system. It is 
important that the blower damper be set to provide the unit with the required fresh air flow. 

It is also important that water not enter the blower housing while the blower is in operation; this will 
damage the blower and void the warranty. During normal operation, the high water level alarm switch 
prevents this from happening. Confirm that this switch is installed properly. 

The installed motor horsepower is selected to provide an operating range with a significant safety 
margin. However, there is the potential for the blower motor to overload if it is not working against 
sufficient pressure drop. Therefore, the blower must be protected with a thermal overload switch. 

The blower damper should be set so that the blower produces the minimum stripper air flow 
requirement (see table below), and at the same time the motor does not exceed its nameplate amperage 
maximum. 

Air Flow Damper 

The stripper blower is fitted with an adjustable damper, used to make air flow rate (SCFM) 
adjustments to the stripper. Open the damper to increase air flow rate, and close the damper to 
decrease air flow rate. Note that air pressure may vary as the air flow rate is changed. To get an 
accurate air flow measurement, install an air flow meter in the air duct 

If air flow meter installation is not possible, an estimated air flow can be obtained by measuring the 
stripper pressure drop. At initial start-up, adjust the damper until the air pressure is at the minimum 
required for the system. (Refer to the pressure gauge description for minimum pressure readings). 

Be aware that when making damper adjustments after the system has been operating, fouling may 
occur in the system, which may reduce the air flow rate and may increase the air pressure reading. 

The following table gives the minimum and maximum air flow rate for each ShallowTray series: 

ShallowTray 
Series 

1300 & 1300P 
2300 &2300P 

2600 
3600 
31200 
41200 
61200 

Mist Eliminator 

AirFlow 
Minimum 

150 SCFM (255 m31hr) 
300 SCFM (510 m31hr) 

600 SCFM (1020 m31hr) 
900 SCFM (1530m3hr) 

1800 SCFM (3060 m31hr) 
2400 SCFM (4080 m3/hr) 
3600 SCFM (6120 m31hr) 

AirFlow 
Maximum 

180 SCFM (305 m31hr) 
360 SCFM (610 m31hr) 

720 SCFM (1220 m3/hr) 
1080 SCFM (1830 m31hr) 
2160 SCFM (3670 m3/hr) 
2880 SCFM (4900 m31hr) 
7340 SCFM (7956 m3/hr) 

A wire mesh mist eliminator is installed beneath the air exhaust port, located on the top cover of the 
ShallowTray. The purpose of the mist eliminator is to remove water droplets that would have blown 
through the vent line. It is possible, though unlikely, that the mist eliminator may become plugged or 
fouled. If this occurs, the mist eliminator is easily removed for cleaning. Disconnect the vent line, take 
off the top cover, and remove the retaining plates on the bottom of the cover. The mist eliminator can 
be cleaned with a pressure washer, or replaced with a new one . 



' 

Gasket 

A black nitrile (or neoprene on the 2300-P) sponge is used to form an airtight/watertight seal between 
the sump tank, cover, and stripper trays. A replacement gasket can be glued to the sealing flange 
using an industrial contact adhesive. Please contact North East Environmental Products prior to 
making any gasket repairs or adjustments. 

Sight Tube 

The sight tube provides a means of visually monitoring the water level in the sump tank. Make sure 
the valve to the sight tube is open during stripper operation. 

Spray Nozzle 

An inlet spray nozzle is installed in all units except those with a gravity feed option. The nozzle directs 
the influent water to the top tray inlet chamber. The nozzle is selected to relieve the inlet pressure from 
10 through 50 psig down to near atmospheric for ShallowTray operation. 

If the nozzle becomes plugged, it is easily removed by removing the top cover and unscrewing the 
nozzle from the inlet coupling. Clean it with a wire brush or a pipe cleaner. If the nozzle causes too 
much back pressure or becomes plugged to often, it can be removed without any serious effects on 
the system's performance. Gravity fed systems employ an inlet dip tube that extends below the water 
level of the inlet chamber to provide a water seal. 

Note: System performance is based on ShallowTray operation without a nozzle, and 
the performance warranty is valid whether a nozzle is installed or not. 

• 

• 

• 
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SHALLOWTRAY OPTIONS 

ShallowTray 
System Options 

STROBE LIGHT 

SILENCER ----• 

CONTROL PANEL --
w/MAIN DISCONNECT 

SIGHT 

AIR EXHAUST 

LOW AIR PRESSURE 
SWITCH 

PRESSURE GAUGE 

WATERFLOW 
METER 

BLOWER 

FEED PUMP 

2331 STAINLESS PRESSURE SYSTEM WITH OPTIONS 

NOTALLOPTIONSSHOWN 

ShallowTray Operation and Maintenance Manual 2-7 



SHALLOWTRAY ACCESSORY OPTIONS 

ShallowTray System Options 

ShallowTray low profile air strippers are custom built to meet site and project specifications. Please 
refer to the components list insert (Section 5) to see which options were selected for this system. 
Component information cutsheets are included in (Section 5) of this manual. 

Air Blower Silencer 

An air blower silencer can reduce the noise level of the blower. The size of the silencer and the type of 
connection used to mount it are dictated by the size of the blower, and whether the silencer is mounted 
horizontally or vertically. Silencers should be supported to avoid over-stressing the connections, and 
should be secured if exposed to high wind loads. 

Air Flow Meter 

An air flow meter measures the amount of air flowing through the system. It consists of a pitot tube 
mounted in the air duct and connected via two (2) lengths of tubing to a differential pressure gauge. 
The measured velocity pressure can be converted to an air flow velocity. The pitot tube must be 
located at least 8 1/2 pipe diameters downstream of any pipe fitting or transition, and at least 1 112 
diameters of straight pipe upstream of the end of the duct or any elbow. The best pi tot tube location is 
before the stripper because the air is less humid and the gauge tubing is less likely to fill with 
condensate. 

• 

The air flow meter typically gives readings in inches of water column, (w.c.). which is converted to • 
feet per minute (PPM) using the provided chart or the gauge scale calibrated for the specific duct 
inside diameter. As stated in the damper section, the air flow meter in conjunction with the pressure 
gauge provides the most accurate damper adjustments. especially after initial start-up. 

The table below lists the minimum vapor exhaust duct diameters. 

Stripper 
Series 

1300 
2300 
2600 
3600 
31200 
41200 
61200 

Minimum 
Exhaust Duct Diameter 

6 "0 (16 em) 
6 "0 (16 em) 
8 "0 (20 em) 
10 "0 (25 em) 
16 "0 (40cm) 
18 "0 ( 45cm) 
18 "0 (45cm) 

Note: Restricted airflow is the most common cause of poor removal efficiencies. An airflow meter is 
highly recommended to help ensure adequate air flow. 

Air Pressure Gauge 
The air pressure gauge reads the pressure differential across the stripper trays in inches of water 
column (w.c.). The gauge is connected to the system via tubing that attaches to a pressure port on the 
system. Instructions to connect the gauge for the types of systems are as follows: 

• 



• 

• 

• 

Forced Draft System- Using tubing, connect the "High" pressure port on the gauge to the 118"0 
(3mm) shutoff valve/hose barb located on the air stripper sump. The "Low" pressure port on the 
gauge is left open to the atmosphere. Highest pressure drop is between the sump tank and the 
surrounding atmosphere. 

Induced Draft System - Using tubing, connect the "Low" pressure port on the gauge to the hose 
barb located on the exhaust vent line on the air stripper. The "High" pressure port on the gauge is left 
open to the atmosphere. Highest pressure drop (vacuum) is between the cover exhaust and the 
surrounding atmosphere. 

Note: there are two pairs of pressure ports on the gauge, one pair for side entry, the other pair for rear 
entry. One pair should be used to measure the differential pressure, and the other unused pair must be 
sealed with a plug. 

At initial start-up, the pressure gauge can be used to measure blower damper adjustments. 
Adjustments should be made according to the following nominal differential air pressure table: 

Number of trays 
1 tray system 
2 tray system 
3 tray system 
4 tray system 
5 tray system 
6 tray system 

Nominal Differential Air Pressure 

Low Water Flow Sn 
4-6 in. w.c. (10-15 em.) 
7-10 in. w.c. (18-25 em.) 
11-14 in. w.c. (28-36 em.) 
16-18 in. w.c.(40-46 em.) 
20-22 in. w.c. (50-56 em.) 
24-26 in. w.c. (60-66 em.) 

High Water Flow System 
7-10 in. w.c. (18-25 em.) 
11-14 in. w.c. (28-36 em.) 
16-18 in. w.c. (40-46 em.) 
20-22 in. w.c. (50-56 em.) 
24-26 in. w.c. (60-66 em.) 
28-30 in. w.c. (71-76 em.) 

Refer to high/low water flow range description in Section 1-3 above. 

Note: The nominal differential pressures shown are for the air stripper pressure drop only, and do not 
include additional air stream equipment pressure requirements. 

After initial start-up, fouling may occur in the system, which may increase the nominal air pressure 
reading, and may decrease the air flow rate. 

Control Panel 

The control panel serves two basic functions for operation of the system. The first is to provide the 
necessary starting and circuit protection components for each motor load, consistent with NBC 
electrical code. These components include fuses, circuit breakers, motor starter contactors, overload 
relays, and lock-out/tag-out (LOTO) features. 

The second function is to provide process control and alarm status/interlock components. Alarm 
circuit monitor several conditions, most basically the low air pressure alarm switch and the high water 
level alarm switch. If either of these alarms occur, the alarm interlock will provide shut off signal to 
the incoming water source (feed or well pumps), if the appropriate interconnects have been made. 
Other alarm options are also available . 



Control Panel: Intrinsically-Safe (I.S.) Components 

ShallowTray low profile air stripper systems that operate in or near potentially explosive 
concentrations of vapors will require special hardware to meet code requirements for power wiring 
and for instrument and switch connections. In such cases, intrinsically-safe (I.S.) isolation of signals 
to and from switches and instruments is employed to limit the energy to a level lower than the energy 
required to generate a spark. Typical components that need I.S. protected signals are float switches 
and well probes. Determination of when I.S. signals are required is the responsibility of the design 
engineer with knowledge of the site specific code requirements. 

Digital Water Flow Indicator/Totalizer 

Water flow meters with totalization are often supplied as part of the ShallowTray air stripper. 
Available in several designs and sizes, flowmeters are typically installed in the water feed piping to the 
stripper, and usually provide a local readout offlowrate (gpm) and the totalized flow (gallons). Refer 
to the components list insert Section 5 to see which flowmeter was provided with this system. 
Component information cutsheets are included in Section 5 of this manual. 

Flowmeters are sensitive mechanisms that require proper care and maintenance for reliable service. It 
is prudent to install a strainer or bag filter upstream of the flowmeter to protect it from mechanical 
damage from debris in the pipeline. If the strainer and/or flowmeter become plugged, disassemble and 
clean in accordance with the manufacturer's instructions. 

Feed and Discharge Pumps 

• 

If pump(s) are included by NEEP as part of your system, they have been selected to meet the required • 
flow and pressure requirements. The pumps are typically end suction, flooded inlet, direct coupled, 
centrifugal pumps, with either EXP or TEFC motors. The pumps are not self-priming. Prior to initial 
start-up, the pumps must be primed by filling the pump impeller housing with clean water. Throttling 
valves are typically installed on the effluent pump discharge. If the pump is running wide open and it 
is not pumping against the required head, the pump may cavitate. This is the nature of centrifugal 
pumps; they must be throttled back if they are not pumping against the required head. The valve 
should be throttled until the motor amperage is less than the nameplate motor amps rating. 

Before system start-up, it is important to check for proper rotation of the impeller. A pump rotating in 
the wrong direction could cause the pump impeller to spin off, causing serious damage to the pump. 

Systems using discharge pumps must have the flow rates balanced so that the discharge flow rate is 
greater than the inlet flow rate. 

Refer to the components list insert (Section 5) to see which pump(s) were provided with this system. 
Component information cutsheets are included in (Section 5) of this manual. 

High Water Level Alarm Float Switch 

The high water level alarm float switch is one of the alarm sensors that must be connected prior to 
system start-up. The purpose of the high water level alarm float switch is to sense an excessively high 
level of water in the stripper sump, and provide a signal to communicate to the upstream water source 
to shut off the incoming water. The high water level float switch is a normally closed microswitch that 
opens when the float rises approximately 3 112 inches (9cm) above its coupling1s centerline. 

Component information cutsheets for the float switch are included in (Section 5) of this manual . • 



• Line Sampling Ports 

• 

• 

Line sampling port(s) (when included) are provided to take water samples of incoming contaminated 
water and outgoing clean water. The sampling ports are typically 112" (lcm) ball valves. 

When taking a water sample, open the valve and let the water flow for at least 1 minute prior to 
bottling the sample. This purges the sample port of any stagnant water. 

When purging the sample ports be sure to capture the water and properly dispose of it When starting 
the unit for the first time double check that the valves on the sample ports are closed. 

Low Air Pressure/Vacuum Alarm Switch 

The low air pressureNacuum alarm switch monitors the blower for continuous water treatment. This 
switch is one of the alarm interlocks that must be properly connected by a licensed electrician prior to 
the system's initial start-up. Please see Special Precautions at the beginning of Operating Instructions 
section for more information. 

Should the blower fail, the low air pressure switch is wired to shutoff all incoming water. Using 
tubing, connect the switch to the hose barb on the tank (pressure system) or the hose barb in the cover 
exhaust duct (vacuum system). 

Pressure system -The air hose is connected from the sump rank 1/8 " (3mm) hose barb (without 
valve) to the "high" pressure port on the switch using the provided hose barb. The "low" pressure 
port must be open to the atmosphere. The switch measures the differential pressure between the sump 
tank and the atmosphere. 

Vacuum system- The air hose is connected from the exhaust piping 1/8" (3mm) hose barb to the 
"low" pressure port on the switch using the provided hose barb. The "high" pressure port must be 
open to the atmosphere. The switch measures the differential pressure between the top tray and the 
atmosphere. 

Periodically inspect the air hose for water build-up, which will affect the switch's operation. The 
tubing must remain open at all times. 

Test the switch at initial start-up by removing the air hose from the hose barb on the sump tank or 
exhaust pipe once the system is in full operation. This should set the system into an alarm condition 
and shut off the incoming contaminated water. 

High Air PressureNacuum Alarm Switch 

The high air pressure/vacuum alarm switch prevents the system from exceeding its highest rated 
pressure/vacuum value. If the blower has the ability to produce pressure/vacuum higher than 32 
inches (82cm) W.C, for stainless units or 26 inches (56cm) W.C. for plastic units then it should have 
a high pressure/vacuum alarm switch. Be sure to check that the setpoint for alarm shutdown is at the 
proper setting for the system . 



Panel Disconnect Switch 

The panel disconnect switch removes power from the ShallowTray low Profile air stripper control 
panel. Make sure a qualified licensed electrician installs the power supply into the disconnect switch. 
Be sure to ground the switch to the main service ground. 

Water Temperature Gauge 

Water temperature gauges can be installed on both the inlet and outlet piping. Influent water 
temperature is an important variable affecting the system's removal efficiency. 

Water Pressure Gauge 

Water pressure gauges can be installed on both the inlet and outlet water piping. Excessively high 
readings could signal that something in the piping system is plugged. Large pressure fluctuation could 
be a sign that the water flow rate is varying. 

• 

• 

• 



• 

• 

•• 

Section 2: Operating Instructions 

2-1 Special Precautions: 

It is important that a qualified licensed electrician perform these installations. 

The following operations must be carried out prior to initial system start-up: 

Step 1: Connect the Interlock switches. 

High Water level Interlock 
If the water level in the sump tank rises beyond the maximum level, it could flood the blower. This 
may damage the blower and void the warranty. The high water level interlock switch is used to shut 
off the feed water pump in an emergency situation. 

Low Air Pressure/Vacuum Interlock 
If the blower fails, untreated water could be discharged. The low air pressure/vacuum interlock switch 
will shut off the feed water pump to prevent additional water from entering the stripper. 

High Air Pressure/ Vacuum Interlock 
If the system has a blower capable of producing more than 32 inches (82cm) of water column (w.c.) 
for a stainless stripper or more than 26 inches (56cm) w.c. for a polyethylene stripper, then the 
system requires a high pressure/vacuum switch. If a unit fouls or pressure increases due to off-gas 
treatment, it may exceed the maximum pressure rating of the system and cause damage to the gaskets, 
sump, or trays. 

Note: These interlock options might not have been provided as part NEEP's scope of supply. 

Step 2: Fill the Sump Tank and each tray's inlet Chamber. 

On initial start-up the sump tank must be filled with clean water to a height of about 5 inches 
(13cm). Make sure the valve to the sight tube is open. The sump tank can be filled via the clean-out 
ports on the end of the stainless units, or through the inlet water port located on the cover. The inlet 
chamber on each tray (referred to as seal pots) can be filled manually by pouring clean water 
through the 1 inch (3cm) inlet chamber filling ports, or the 4 inches (10cm) clean out ports located on 
the ends of the stainless units, or by disassembling the plastic units and filling the seal pots as you 
reassemble. The seal pots on both the plastic and stainless systems can also be filled at initial start-up 
by connecting a clean water line to the inlet water port and running the system for ten minutes with 
the blower on and the damper 1/4 open. For complete instructions on this method, please follow 
initial Start-up procedures later in this section. 

Do Not Run Free-Product Through the ShallowTray Air Stripper. 
Free product contaminates the unit by coating the side walls with a fllm of free-product. ShallowTray 
units are designed to remove dissolved VOC's only. 

Fresh air is required for the system air intake. Air that is heavily contaminated with VOC's will 
significantly reduce Shallow Tray's performance . 



2-2 EQUIPMENT SET-UP 
Drawings: Drawings referred to in the following sections are located in Section 5. 

Follow codes. The plumbing and electrical installations must be performed by qualified personnel, 
and must be done in accordance with local, state, and national codes. 

Protect critical items from the environment. In areas that could be below freezing, the 
stripper should be installed in a heated building. Plastic units, control panels, and motors should be 
protected from direct sun. Explosion-proof motors should be protected from rain due to the absence 
of motor gaskets. 

Install adequate supports. Since none of the external piping associated with the ShallowTray 
unit is designed to support process water lines or air piping, adequate supports must be installed. 

Assemble Unit. All ShallowTray units are assembled and hydraulically tested at the factory. 
However, to safeguard the units from shipping damage, some components are removed prior to 
shipping and will require reassembly. Follow all relevant steps in this section to set-up the 
ShallowTray system. 

Check for loose fittings. Shipping the system to the site may have caused pipe joints or assembly 
hardware to loosen. Re-tighten as necessary. 

Bolt unit together. For shipping purposes, the ShallowTray unit may come in two sections; the 
blower skid assembly and the sump and tray skid assembly. Bolt the base frames together using the 
bolts and spacers provided. (This step is done at the factory for the 1300 and 2300 series.) 

• 

Connect Blower. For forced draft (F.D., or positive pressure) systems, install the provided rubber • 
coupling to connect the blower outlet to the air inlet on the sump tank. (See Section 5 coupling layout 
drawing for air inlet location.) For induced draft (J.D., or vacuum) systems, install an exhaust duct 
from the stripper air exhaust located on the top cover to the blower intake. North East Environmental 
Products may not have provided this piping. Make sure the pipe diameter is large enough to maintain 
the required air flow without adding a pressure drop. Also, be sure the pipe has a suitable vacuum 
rating to prevent collapse. 

Caution: Blower must draw air. Do not vent storage tanks that contain substances that will 
contaminate the air in the same room the blower draws air from. Do not duct intake air from an area 
that has contaminated air. Contaminated air will contaminate the water. 

Assemble trays and level the ShallowTray unit. Large ShallowTrays may have the top tray 
and cover shipped separately. Install trays shipped separately by lining up the match-marked arrows 
and numbers on the trays and cover. To prevent damaging the gasket, do not drag the trays or cover 
across the gasket during assembly. Fasten all latches properly. The tray being installed must have the 
downcomers from each upper tray line up with the sealpots on the tray below. Check all the trays to 
make sure they are installed correctly, and not backwards. If the system is not set up properly, the 
water could bypass a tray allowing water to miss a large portion of the treatment path. Refer to the 
"basic subassembly" exploded view drawing in Section 5. 

Level the ShallowTray. This is a critical step in the proper assembly of the equipment If not level, the 
water depth on the trays will be uneven, causing the water to weep through the tray holes untreated . 

• 



• 

• 

• 

For a gravity discharge unit (no discharge pump): Install the outlet pipe. 
The plumbing components are typically shipped in a separate box. Refer to the Section 5 outlet piping 
drawings to assemble. 

F.D. systems require a riser pipe (inverted U-trap) to compensate for the pressure generated by the 
blower. It is important that the riser pipe height be adjusted to create a 5 inch (13 em) water depth in 
the sump tank during normal operating conditions. The provided anti-siphon valve must be installed 
in the high point of the riser pipe to prevent the sump from siphoning to below the 5inch depth. It is 
essential that the riser pipe be properly supported. Use proper pipe sealant and PVC cement for the 
riser pipe. We recommend running the system and adjusting the riser pipe before permanently 
bonding the fitting. 

The purpose of having the 5 inch (13cm) water depth in the sump tank is twofold. First, it is to keep 
the downcomer (from the bottom tray).and the water discharge port (which elbows down internally) 
submerged. Both are set to a height of 2 inches (Scm) from the bottom of the sump. Keeping them 
submerged forms a water seal, which prevents air from escaping up the downcomer pipe or out the 
discharge trap. 

Second, the 5 inch (13cm) depth is low enough to allow our high water level switch to reset The 
switch, located in its typical position, has an approximate reset deadband of six inches, meaning the 
water level must drop 6 inches (15cm) below the alarm trip point before it resets. Consult NEEP for 
additional options or questions about float switch location or normal operating water depth. 

For a unit with a discharge pump: Install the outlet pipe. 
For a pumped discharge unit: Refer to the Section 5 outlet piping drawing to assemble the water line 
from the sump tank to the pump suction, using components delivered in a separate box. Install 
downstream piping to the pump discharge port. A ball valve is typically provided and should be used 
to adjust flow. Use proper pipe sealant or PVC cement as required. If check valve is required, install 
on discharge side of pump. To reduce pressure losses, it is recommended that the connected pipe size 
remain at least as large as the pump discharge fitting. 

Prime the pump. 
Pour clean water in the pump's inlet port until it has filled the entire pump chamber. Remove the top 
air bleed plug on the pump housing to let air bleed out, then replace plug. 

Install the inlet piping manifold. 
Install the inlet piping manifold (typically shipped in a separate box). Follow the Section 5 inlet piping 
diagram for proper installation. The spray nozzles are installed on the inside of the cover, or have 
been shipped separately. The nozzles are typically selected to produce a 15 psig pressure drop at the 
highest anticipated water flow rate. 

During start-up, a strainer should be installed in the Water inlet line to prevent the spray nozzle and 
process water line components from plugging with sand and sediment. If necessary, the strainer can 
be permanently installed. Use proper pipe sealant or PVC cement as required. 

Caution: For systems other than 31200, 41200, and 61200, there are two inlet port couplings on the 
cover; one is over the discharge side of the tray and cannot be used, so it is plugged. The other 
coupling is the active inlet, and has the spray nozzle inside the top cover. The 31200, 41200, and 
61200 series have three, four, and six ports respectively, and all are used. The feed must enter the 
inlet located above the sealpot of the top tray. Otherwise contaminated water will bypass the treatment 
path of the first tray and fall directly into the downcomer to the next tray. This will result in poor 
removal efficiency . 



Install the sump drain valve and the sight tube. • 
Install the sump drain valve and the sight tube. Refer to the Section 5 coupling layout drawing for port 
locations. Be sure to open the valve to the sight tube during start-up and operation. The valve should 
be closed only to replace a damaged sight tube. 

Connect the water lines. 
H the seal pots have not yet been filled with clean water, connect a clean water line to the inlet port or 
piping manifold and fill the seal pots according to the steps outlined in the initial start-up section 
above. H the seal pots are filled with clean water, connect the process water line to the inlet piping 
manifold. Connect the discharge water line. Finnly support the process water lines to prevent stress 
on the piping and ports. The system is not designed to support the weight of the process water lines. 

Connect the air pressure tubing. 
Connect the tubing from the ShallowTray to the low air pressure/vacuum switch (if provided), and/or 
the high air pressure/vacuum gauge (if provided). Read the component description on each for 
detailed connection information, and also refer to the Section 5 drawings. For the air pressure gauge, 
be sure to install the tubing to the 1/8" (3mm) shutoff valve. Open the valve only when a reading is 
required. This will reduce condensation build-up in the gauge. The air pressure switch tubing should 
always be open for continuous sensing. The switch is designed to drain excess condensation. 

Connect the air discharge line. 
Connect an air exhaust duct to the air outlet, either on the top of the unit for F.D. installations, or at 
the blower discharge for I.D. installations. Do not use an exhaust duct with a smaller diameter that the 
discharge port A smaller diameter may cause a pressure drop larger than the blower was designed 
for, resulting in low air flow and poor removal efficiency. Support the vent line independently of the 
air stripper so that it can be easily disconnected for maintenance purposes. 

Wire the electrical components. • 
Have a qualified licensed electrician wire the electrical components in compliance with local, state, and 
national codes. Make sure the safety interlocks, described in the Special Precautions section, are 
connected properly. H NEEP supplied the control panel, see Section 5 wiring diagrams. 

Install optional items: 

Air flow meter 
Mount the pitot tube on the vent line per Dwyer bulletin# H-11 (located in the separate shipping box) 
or per the Section 5 .. air flow meter assembly" drawings using the mounting hardware provided. 
Connect pitot tube to the 0-0.5 or 0-1.0 inches w .c .. air pressure gauge using the tubing provided. 
(See pitot tube mounting diagram in Section 5.) There are two air hoses required, one connects to the 
high pressure port on the gauge and on the pitot tube, and measures internal static pressure plus 
velocity pressure. The other connects to the low pressure ports on the gauge and on the pitot tube, 
and measures the internal static pressure only. The optimum pitot tube location is before the stripper, 
because the air is less humid and the tubing will be less prone to filling with condensation. 

Blower Silencer: 
Forced Draft system - Install the silencer on the inlet side of the blower. H the silencer is to be in 
the vertical position, install the piping and elbow as shown on the Section 5 silencer diagram. If the 
silencer is in the horizontal position, attach it directly to the blower inlet using a rubber coupling. 

Induced Draft system- Install the silencer on the blower. The standard silencer's maximum 
pressure/vacuum rating is 20 inches (50cm) w.c. Be sure not to exceed the silencer's limit 

• 



• Water Dow meter 

• 

• 

Install the water flow meter into the inlet piping per the Section 5 water inlet piping diagrams. The 
flow meter owner's manual was sent with the unit. Be sure to refer to it when installing the meter. It 
is prudent to install a strainer in the incoming process water line prior to the water flow meter. This 
will prevent rotor jamming. 

Note: There may be other optional equipment that requires installation or assembly. Please refer to the 
Section 5 specification sheet and drawings for more information . 



2-3 INITIAL SYSTEM START UP 

Upon completion of the equipment set-up and mechanical/electrical installation, proceed with the 
following steps: 

Step 1: Check all connections and close drain and sample valves. 
Double check that all electrical, water, and vent connections are properly made. Close drain port and 
sample valves. Be sure that the sight valve is open. 

Step 2: Power up. 
Turn all panel control switches to the 'OFF' position, then turn 'ON' the panel disconnect switch. 
Systems with intermittent operation feature will show an alarm condition (low air pressure) five 
seconds after power is applied because the blower is not operating. Once the blower is supplying 
proper pressure, the alarm low air pressure condition will reset. Some systems may require pushing 
an 'Alarm Reset' button. 

Step 3: Check the blower rotation. 
Check the blower rotation by momentarily switching 'ON' (bumping) the blower switch and 
observing whether the blades turn in the direction of the arrow on the blower casing. You can also 
observe the motor's cooling fan blades for proper rotation. If system panel has the intermittent 
operation feature, the blower motor must be bumped in the 'Hand" position. Refer to the Routine 
Operation Section for a description of "intermittent operation". If blower rotates in the wrong 
direction, turn the main disconnect off and have a electrician make wiring changes to correct the 
rotation. 

• 

Step 4: Attach clean water line to the inlet. • 
If you did not fill the seal pots on each tray manually, fill them now by attaching a (clean) water line to 
the water inlet piping manifold or port, and then follow Step 5.1fyou have already filled the seal pots 
manually, skip Step 5 and go to Step 6. 

Step 5: Fill the seal pots (inlet chamber) with clean water. 
Use clean water when filling the seal pots. If contaminated water is used it will go through the system 
untreated. 

To fill the seal pots (inlet chambers), set the blower damper to 1/4 open, and start the blower and the 
clean water flow to the unit Let the blower and clean water run for about five to ten minutes, then 
shut them off. Setting the damper at 1/4 open reduces the air flow enough to allow the water to flow 
through the downcomers and into the seal pots. 

If the system has the intermittent operation feature, the blower must be started in the 'Hand" position 
for this procedure. If you have trouble filling the seal pots by this method you can fill them manually, 
either by using the one inch sealpot filling ports (stainless units only), or by spraying a stream of 
clean water through the clean-out ports (stainless units only). The stream of water must be directed 
into the sealpots on the opposite side of the unit, until the sealpot is full. For plastic units you must 
remove the trays and fill the seal pots manually. 

• 



• 

• 

• 

Step 6: Connect contaminated feed water line. 
Connect contaminated feed line. Install all piping allowing provision for future removal for 
maintenance or repair. Make sure piping is supported independently of the ShallowTray. Start system 
with the blower damper 1/2 open. For systems with intermittent operation, you must turn 'OFF' the 
power at the panel disconnect, turn all control switches to the auto position, and then reapply panel 
disconnect power. All motors will start automatically based on control function. Each control panel is 
custom designed for each site. Become familiar with the panel logic and proper operation before 
attempting to start the system. The panel might have been provided by a panel manufacturer other then 
NEEP. 

Step 7: Check the air pressure reading and set damper. 
Run the unit for 5 minutes, and then adjust the blower damper setting to produce the required air 
pressure/vacuum reading on the pressure gauge. Since the blowers provided by NEEP are selected 
and tested to exceed the minimum flow requirements of the system, you can use the table in Section 1-
3 to set the damper during initial start-up. 

Double check pressure reading after system has been running for about 112 hour. Adjust damper again 
if needed. Also check the airflow meter for proper airflow rate. Pressure readings may vary somewhat 
depending on your venting system. 

The System is ready for operation. 
It is not necessary to perform initial start-up procedures each time the system is shut down. However, 
note that anytime water is completely removed from the seal pots or sump tank, the initial start-up 
procedure must be done again. For example, after the system has been taken apart for cleaning, or 
after an extended shutdown where the water have may evaporated from the tank or seal pots . 

2-4 Routine Operation 

From the tables in Section 1-3 adjust the airflow to within the required operating range in SCFM. The 
airflow must be a least the minimum shown for proper stripping efficiency. 

Adjust water flow rate by setting the water throttle valves. Now that the system has been primed per 
the initial start-up procedures, it is ready for fine tuning. Adjust throttle valves on inlet and outlet 
piping to obtain the desired water flow rates and minimum pump cycles, if applicable. Refer to the 
Section 5 specification sheet for your systems design and maximum water flow rates. To prevent a 
high water level alarm, it is critical that the discharge pump flow rate exceed the influent water flow 
rate. 

Pumps provided by NEEP have throttle valves on the discharge side of the pump. Once the desired 
water flow rate is achieved, check the amp draw of the motor. It must not exceed the pump nameplate 
amp draw. 

High water level alarm switch: The switch is typically installed in the middle of three half inch 
switch ports located on the front of the unit (refer to the Section 5 coupling layout drawings). If the 
float is moved to the highest port and the discharge line plugs or the discharge pump fails, the water 
level could rise above the air inlet port, allowing water to drain into the F.D. blower housing or onto 
the floor. The blower may become damaged if it is running while water is in the blower housing. Be 
sure to check that the 1/8''0 (3mm) coupling in the bottom of the blower housing is open to allow for 
drainage of water that may get into the housing . 



Section 3: Cleaning Procedures 
Minerals dissolved in high concentrations tend to precipitate out of groundwater during air stripping 
processes. These minerals form insoluble deposits commonly referred to as 'fouling.' Although the 
ShallowTray low profile air stripper system is designed to be fouling resistant, proper steps must be 
taken when treating water with high mineral concentrations. Deposits from iron-rich feed water can be 
reduced by pretreating the feed stream with sequestering agents. The recommended cleaning 
procedure for deposits is pressure washing with detailed instructions as follows: 

Equipment Required: 

Pressure Washer: 2 gpm minimum flow at 900 psig (minimum). Equipment rental companies can 
usually supply electric or gasoline driven units on a daily rental basis. 

Washer Wand: Washer wand with spray nozzle, (obtainable from North East Environmental 
Products as an option) and an adapter to connect the wand to the pressure washer hose end. All 
washer connections are 1/4" (6mm) NPT. 

Clean Water Supply: Clean water supply with a capacity of at least 2 gpm at 20 psig. Connect to 
the pressure washer using an ordinary garden hose. 

System Shut Down: 
Shut feed water off. 
Shut off the water feed to the system. 
Wait 5 minutes to allow the water in the stripper trays to be completely treated, then 

• 

shut off the blower. Treated water in the trays will drain into the sump tank, so it is important to keep • 
the outlet pump in "auto" to remove this extra water. 

Shut off the power at the main disconnect switch if the shutdown is more than 
temporary. 

Caution: If proper shut down procedures are not followed, contaminated water will drain into the 
sump tank. This will contaminate the water that has been collected in the tank. Therefore, always 
allow the blower to run an additional 5 minutes after the feed water is shut-off. 

Cleaning the Unit: 

Step 1: Turn off equipment. 
Turn off the feed water to the stripper. 

Step 2: Provide for Waste Disposal. 
Make provisions for disposing of the sludge and waste generated during cleaning. A 

wetldry vacuum may be required, or possibly the outlet pump (if provided) can pump out to a storage 
tank. Be aware that large pieces of debris might possibly clog the outlet pump or check valve. 

Step 3: Remove cleanout port covers. 
Remove all cleanout port covers. 

Step 4: Turn on water and pressure washer. 
Turn on the water supply to the pressure washer. Then, turn on the pressure washer. 

Wear protective goggles or face shield while spraying. 

• 
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Step 5: Insert wand and start pressure washer water flow. 
Insert the wand all the way into 8" (20cm) cleanout port on the sump tank. Have the 

spray nozzle pointed up toward the bottom of the bottom tray. Holding the wand tightly, pull the 
trigger to start the pressurized water flow. Expect the wand to kick back as flow starts. 

Step 6: Move wand side to side. 
Move the wand side to side at a rate of about 1 inch (3cm) per second. Be sure to 

cover the entire tray bottom area. Recommended cleaning times for one side of one tray are given 
below: 

Mode11300 
Model2300 
Model2600 
Model3600 
Model31200 
Model41200 
Model61200 

Step 7: Inspect cleaned area. 

2min 
4min 
8min 
12min 
23min 
32min 
48min 

Periodically stop the cleaning operation and inspect the cleaned area by shining a light 
into the unit. The area is clean when there are no deposits in or around the stripper tray holes. 

Step 8: Clean top side of tray. 
When the bottom surface appears clean, move the wand to the top side of the same tray 

by inserting it in the next highest cleanout port. Continue spraying with the nozzle pointed down onto 
the top surface of the tray. Remove all visible deposits from the tray baffles and the walls of the unit. 

Step 9: Repeat for all trays . 
Repeat the procedure for the bottom of the next higher tray, etc., working up to the top 

tray. 

Step 10: Rinse. 
After the cleaning operation is finished, rinse the trays, baffles, and walls with the 

pressure sprayer. Work down from the top tray to the sump tank. Make sure the surfaces are clean 
and the holes are not blocked by loosened debris. 

Step 11: Clean cover. 
Remove the top cover. Flip it over, and wash the bottom side. Inspect spray nozzle 

and the wire mesh mist eliminator pad for fouling. Clean the spray nozzle and the mist eliminator pad. 

Step 12: Replace the mist eliminator pad. 
Mist eliminator pads that are excessively plugged should be replaced. The old pad is 

removed by loosening the retainer plates on the comers of the pad. Reinstall the new pad in the same 
orientation as the old one . 



Section 4: Trouble Shooting 
Note: A competent electrician should pexform any work inside the electrical control panel. Do not 
pexform troubleshooting if you are not familiar with the procedures or the equipment. 

Problem Blower Won't Start Or Run 

No power to blower 

Check that all switches are in "ON" or "AUTO" position. 
Position main disconnect switch to "ON" position. Tum control 

switches to" on" or "AUTO". 

Blown Fuse Check to see if fuses are ok. 
Check fuses in main disconnect switch and in control panel. If blown, 

replace with fuse of the same size and rating to avoid the risk of fire or electrical shock. 

Overload relay Trips Locate reset button on blower overload relay. 
Push reset button in. Reasons for tripping; incorrect line voltage, motor 

wired incorrectly, inadequate ventilation, worn bearings. 

Tubing to air pressure switch plugged 
Remove tubing from air pressure switch and blow into it 

towards tank. Clean or replace tubing if plugged or kinked. 

Blower dose not rotate freely. 
TURN OFF ALL POWER to the system. Try to spin wheel by hand. 

Wheel should rotate freely. If not, call NEEP. 

Problem Outlet Pump Won't Shut Off 

Suction or Discharge piping to pump is clogged. 
Check water flow from discharge pipe. Piping should be clean inside. 

Look for narrowing caused by scale or iron accumulation. Remove piping. Inspect, clean, or replace 
as necessary. 

Float switch in tank is stuck in down position. 
Remove 8"0 or 12"0 (30cm) inspection cap and check that all floats 

are floating on the water. Clean all deposits from float. Replace float if necessary. 

Normal Operation: Water level in sump is OK Pump will stop when water level reaches pre
determined height in tank. Allow water level to decrease until pump turns off. Let water level reach 
predetermined lower level, which will cause outlet pump to tum off. Water level may be just below 
the bottom of clear sight tube before pump shuts off- this is normal. 

• 
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Problem Outlet Pump Won't Run Or Pump Water 
No power to Pump Check that all switches are in "ON' or "AUTO" position. 

Position panel disconnect switch to "ON position. Turn control 
switches to "ON" or "AUTO." 

Blown fuse Check to see if fuses are ok. 
Check fuses in main disconnect Switch and in control panel. If blown, 

replace with fuse of the sane size and rating to avoid the risk of fire or electrical shock. 

Overload relay trips Locate reset button on pump overload relay. 
Push reset button in. Reasons for tripping; incorrect line voltage, motor 

wired incorrectly, inadequate ventilation, worn bearings. 

Normal operation: Water level in sump is OK. Pump will start when water level reaches 
predetermined height in tank. Allow water level to increase until pump turns on. Be sure pump switch 
is in "AUTO" position. Let water level reach predetermined upper level, which will cause outlet pump 
to tum on. 

Level switch in tank is wired incorrectly in control panel 
Check wiring circuit against diagram. See that all connections are tight 

and no short circuits exist because of worn insulation, crossed wires, etc. Rewire any incorrect 
circuits. Tighten connections, replace defective wires. 

Pump does not rotate freely 
TURN OFF ALL POWER TO THE SYSTEM. Try to turn impeller by 

hand. If impeller won't turn, remove housing and locate source of binding. It could be due to impeller, 
seal, or bearing damage, or excessive fouling. 

Impeller or check valve is fouled. 
TURN OFF POWER. Remove pump outer housing and inspect 

impeller for blocked openings. Be sure to have a new housing gasket kit available before removing 
housing. Remove check valve from line and inspect for stuck or fouled valve. Clean or replace 
impeller or check valve as necessary. 

Problem Low Air Pressure/Vacuum in Stripper Tank. 
Blower damper closed. 

Visually check position of damper on inlet of blower.Open 
damper to get proper reading on pressure gauge. Finnly tighten damper set screw. 

Motor rotation backwards 
Watch rotation of blower wheel at slow speed. It must match direction 

of the rotation arrow on the blower housing. Have electrician reconnect wiring for proper rotation as 
per motor diagram. 

Gravity discharge trap installed incorrectly 
Trap should be positioned vertically, as an "upside down U." Install 

discharge trap per outlet plumbing drawings located in Section 5 . 



Inlet chamber (sealpot) in each tray not full of water. • 
Remove 4"0 (lOcm) rubber caps, or slide tray aside and look at water 

level in chambers. Remove 4 inch (lOcm) rubber caps on end of trays. Fill up inlet chambers with a 
hose, or follow the sealpot fill procedure as described in the initial Start Up section. 

Rubber clean out caps not in place. 
All cleanout ports must have a rubber cap installed. Tighten clamps on 

all rubber caps. 

Tubing to pressure gauge 
Remove tubing from pressure gauge and blow into it towards tank. 

Clean or replace tubing if plugged or kinked. 

Gravity feed not flowing 
Unit has gravity feed and inlet pipe on inside of 

ShallowTray cover is not submerged in inlet chamber water. Remove cover and measure 
length of piping hanging from inside of cover. Length is to be about 10 112 inches (27cm) from cover 
surface. Adjust length of inlet pipe on inside of cover until total length is about 10 112 inches (27cm). 
DO NOT INSTALL NOZZLE ON A GRAVITY FEED UNIT. 

Blocked blower intake 
Look at blower intake screen. Remove debris from screen. 

Normal operation: When inlet pump starts, the blower will start and air pressure will increase to 
required operational level. No action necessary. 

Problem High Pressure/Vacuum in Stripper 

Air exhaust is restricted 
Check vent piping for bird nest or other obstructions. Check that vent 

pipe diameter does not decrease. Intake or exhaust air pipe diameter must be at least as big as the 
cover vent or blower intake diameters. 

Air holes in trays plugged 
Remove inspection and cleanout caps and visually inspect holes. For 

iron fouling, clean out the unit with a pressure washer. For scaling, scrape or bang the scale from all 
surfaces, then use a pressure washer to open the 3/16 inch (5mm) diameter holes. Consider using a 
sequestering agent to prevent scaling. 

Mist eliminator is plugged 
Remove cover from ShallowTray and inspect the bottom of the mist 

eliminator pad in the cover. Remove mist eliminator pad from cover and clean. If fouled, replace with 
a new mist eliminator. 

Problem Water won't flow into unit 
Inlet/well pump function 

Allow water level to rise in well pump, which will tum on the inlet 
pump and start water flow to system. No action necessary. 

• 
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Stripper air pressure in low alarm condition 
Read sump tank air pressure from pressure gauge. System should be in 

alarm condition if pressure is below about 2" inches (Scm) w.c. Check that blower is operating 
properly, and has correct rotation. Check that all rubber caps are in place on end of trays. 

Inlet piping plugged 
Remove cover and inspect nozzle and piping for debris and 

buildup. Clean or replace clogged parts. 

Problem Iron Fouling Is A Problem 
Iron build-up 

Iron precipitates out of water when treated with an air stripper, causing 
iron build up in unit Remove cleanout caps and inspect inside of tray for buildup/fouling. Clean out 
unit with pressure washer on a routine basis. Pretreat incoming water to reduce fouling problems in 
stripper. Meter a sequestering agent into the water. 

Problem VOC Removal Is Less Than Expected 
There are many possible reasons for poor stripper efficiency. Review the following list of questions 
to troubleshoot what the problem might be. 

1. Have the trays been taken apart? Are they put back together as supplied from the factory, i.e., 
nozzle over sealpot, downcomers from each tray underwater in the sealpot of the tray below? 

2. What is the sump tank air pressure reading? Is it steady, slowly changing over time, or rapidly 
fluctuating? 

3. What is the flow rate through the stripper? How is it measured? Where is the sensor mounted? 

4. What is the air intake and exhaust piping design (size of ducts, number of elbows, length of pipe 
run, GAC, heaters, other restrictions)? Are sample ports installed on each tray to verify pre-tray 
removal efficiency? 

5. Is sump tank contaminated? Where are effluent samples taken from? 

6. Are sample ports purged for 30 seconds-1 minute before taking sample? 

7. Are samples being taken, stored, and tested per approved methods? 

8. Are seal pots on each tray full of water? 

9. Dose the sump tank have at least 4 inches (lOcm) of water at all times? 

10. Is the water suction elbow in the tank pointing down and always underwater? 

11. What is the inlet water temperature? 

12. What else is in the water besides the contaminates in question? 



13. Are there occasional slugs of free product, or much higher than normal contaminant 
concentrations that could enter the stripper? 

14. Is inlet water supplied as a continuous stream (as from an electric pump.)? Or is the flow pulsed 
(as from a pneumatic pump)? 

15. Are their surfactants, detergents, greases, fats, etc. in the water that are causing foaming in the 
stripper? 

16. Is there equipment near the blower intake that could be contaminating the air? 

17 .Has the air entering the blower been tested for VOCs? 

18. How far away from each other are the air intake and air exhaust points? Is the air intake 
downwind of upwind from the exhaust? Is it possible for contaminated air to be sucked back into the 
stripper air intake? 

19. Is the blower spinning in the correct direction (top of blower wheel spinning towards tank)? 
Watch wheel when it is almost stopped. 

20. Is there air coming out of the discharge pipe? 

21. Is outlet piping siphoning all water out of the sump tank, until it sucks air from tank? 

22. What is the outlet plumbing design (gravity discharge, pumped discharge, uphill, downhill, other 
equipment in-line, size of piping. etc.)? 

23. What do the bubbles look like in each tray? Install view ports to see. 

24. Are the undersides of the trays free of drips and drizzles? 

25. Are tray holes closed or plugged? Is there any scaling or fouling on the trays? 

26. Is the system level and plumb? 

27. When shutting system down, is inlet water shut off, blower allowed to operate for an additional 5 
minutes, then blower shut off? 

• 
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DESIGNS 

i 

RB WHEEL DESIGNS 1 I 2 AND 3 
are narrow radial of all-riveted steel construction. 

RB WHEEL DESIGNS 4 AND 5 
are radial wheels with a conical frontplate and all

welded steel construction. 

FEATURES 
• Heavy gauge continuously welded steel housings a Close tolerance 1141 tumed, ground, and polished shafting 
• Dynamically balanced wheels to assure smooth operation • Pressures to 110" S.P. WG., Capacities to 12,000 CFM 
• Teflon shaft seal with steel retaining plate standard • Round inlet and outlet with flanges drilled to match ANSI 

150 #pipe flanges • Heavy-duty anti-friction pillow block ball bearings 

ACCESSORIES 
• Housing drain 
• Housing Inspection Door 
• Inlet Screen 
• Outlet Screen 
• High-temperature construction to 700"F 
• Stuffing box 
• Stainless steel or other alloy airstream 
• Heat Slinger 
• Spark-resistant construction 
• Inlet damper 
• Outlet damper 
• Aexlble Coupling for Arr't 8 
• Special Coatings 
• Drive Guards 

HOW TO SPECIFY 

RadlaiBlade~RB - 25}1 .

1
3450 -T18.5 

Pressure Blower 

s~ 
Designation Wheel 

VVhe~Oerugn D~er 
Blower RPM 

TYPICAL 
APPLICATIONS 
• Combustion Air 
• Air Pollution Control Systems 
• Induced Pneumatic Conveying 
• Glass Blowing 
• Drying 
• Gas Boosting 
• Material Aeration 
•cooling 
• Air Flotation Conveyors 
• Textile Fiber Stripping and Recycling 

DISCHARGE POSITIONS 

MAJOR 
INDUSTRIES 
•Chemical 
• Pulp and Paper 
• Steel 
•Glass 
• Food Processing 
• Energy 
•Textile 
• Petrochemical 

$ ~1\IJ r::w~ <$+ ~ cw& ON NOT·~ cw 
+ + + + AVAILABLE 

' 
Fl06 F!GG' 



TEMPERATURE AND ALTITUDE CORRECTIONS 
USING DENSITY' CORRECTION FACTORS 
The Capacity Tables in this bulletin are based on 
fans handling standard air at a density of .075 
pounds per cubic foot equivalent to air at 70°F and 
29.92" Hg barometric pressure. Therefore, when a 
fan handles air or other gases at other than standard 
density due to temperature, altitude or the type of 
gas. the published tables should be used in the fol
lowing manner: 

EXAMPLE: Select an RB Blower for 4250 ACFM @ 28 OZ. SP 
@ 250°F and 3000' Elevation. 

AlA TEMP. 

1. Determine the equivalent static pressure in the 
following manner. S.P. = REQUIRED S.P. X 
DENSITY FACTOR for conditions from the 
table below, i.e.,Equivalent S.P. = 28 X 1.50 = 
420Z. SP. 

2. Using the required ACFM and the equivalent 
S.P. select an RB Blower from the tables i.e .• 
MODEL RB-453-3550.34.0 with a BHP of 
87.2 

3. Correct BHP for operating conditions by divid· 
lng BHP from table by density factor, i.e., 

s:.: = 58.1 BHP AT CONDITIONS. 

ALTITUDE IN rEET ABOVE SEA LEVEL 
OEG.F. 0 5ltO 1000 15011 2000 2500 30911 ,,..~"·"" 6080 fl6DD 7000 75110 8000 1115110 9&00 1Dootl 
-&o• .76 .77 .78 .80 .81 .83 .84 .86 89 .91 .92 .94 .96 .98 1.00 1.02 1.04 1.06 1.10 
-40" .79 .81 .82 .84 .85 .87 .88 .90 95 .97 .99 1.01 1.03 1.05 1.07 1.09 1.11 1.15 
-20° .83 .85 .86 .88 .89 .91 .93 .94 .96 .98 1.00 1.02 1.04 1.08 1.08 1.10 1.12 1.14 1.16 1.21 

o• .87 .89 .91 .92 .94 .96 .98 .99 1.01 1.03 1~.06 1.09 1.10 1.13 1.15 1.17 1.19 1.22 1.26 
40° .94 .96 .98 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1 .16 1.19 1.21 1.23 1.26 1.28 1.30 1.32 1.36 
70" 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20 1.22 1.25 1.27 1.30 1.32 1.35 1.37 1.40 1.45 
ao· 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.19 1.21 1.23 1.26 1.28 1.30 1.33 1.36 1.38 1.41 1.43 1.48 
100" 1.06 1.08 1.10 1.12 1.14 1.16 1.19 1.21 1.23 1.25 1.28 1.30 1.33 1.35 1.38 1.41 1.43 1.46 1.48 1.54 
120" 1.09 1.12 1.14 1.16 1.18 1.20 1.23 1.25 1.28 J:.ru1.32 1.35 1.38 1.40 

~ 
1.48 1.51 1.53 1.58 

140" 1.13 1.15 1.18 1.20 1.22 1.25 1.27 1.29 1.32 1.37 1.40 1.42 1.45 1.54 1.57 1.58 1.65 
160" 1.17 1.19 1.22 1.24 1.26 1.29 1.31 1.34 1.36 1.39 1.42 1.44 1.47 1.50 1.53 1.56 1.59 1.62 1.64 1.70 
180" 1.21 1.23 1.26 1.28 1.30 1.33 1.36 1.38 1.41 1.43 1.46 1.49 1.52 1tti1.58 1.61 1.64 1.67 1.70 1.75 
2oo• 1.25 1.27 1.29 11.32 1.34 1.37 1.40 1.42 1.45 1.48 1.51 1.54 1.057 1 1.63 1.66 1.69 1.72 1.75 1.81 
250" 1.34 1.36 1.39 1.42 1.45 1.47 1.50 1.53~ 1.62 1.65 1.68 1.71 1.74 1.78 1.82 1.85 1.88 1.94 
300" 1.43 1.46 1.49 1.52 1.55 1.58 1.61 1.64 0 1.74 1.77 1.80 1.84 1.87 1.91 1.94 1.98 2.00 2.08 
350° 1.53 1.56 1.59 1.62 1.65 1.68 1.72 1.75 1.78 1.81 1.85 1.88 1.92 1.96 2.00 2.04 2.07 2.11 2.14 2.22 
400" 1.62 1.65 1.69 1.72 1.75 1.79 1.82 1.85 1.89 1.93 1.96 2.00 2.04 2.08 2.12 2.16 2.20 2.25 2.27 2.35 
450" 1.72 1.75 1.79 1.82 1.86 1.89 1.93 1.96 2.00 2.04 2.08 2.12 2.16 2.20. 2.24 2.29 2.33 2.38 2.41 2.50 
500" 1.81 1.85 1.88 1.92 1.96 1.99 2.03 2.07 2.11 2.15 2.19 2.23 2.28 2.32 2.36 2.41 2.46 2.51 2.54 2.62 
550° 1.91 1.94 1.98 2.02 2.06 2.10 2.14 2.18 222 2.26 2.30 2.35 2.40 2.44 2.49 2.54 2.58 2.63 2.68 2.77 
sao· 2.00 2.04 2.08 2.12 2.16 2.20 2.24 2.29 2.33 2.38 2.42 2.47 2.50 2.56 2.61 2.66 2.71 2.77 2.80 2.90 
650. 2.10 2.14 2.18 2.22 2.26 2.31 2.35 2.40 2.44 2.49 2.54 2.58 2.63 2.68 2.74 2.79 2.84 2.90 2.94 3.04 
1oo· 2.19 2.23 2.27 2.32 2.36 2.41 2.46 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.86 2.91 2.97 3.03 3.06 3.18 

FAN HOUSING'o BAS.E INLET WHEEl. SHAFT BEARINGS SIZE SIDES SCROLL S1DES TOP FEET PLATE FRONTPLATE BACKPLATE I BLADES DIA. 
251 
252 SEALMASTEA 253 10 12 10 10 2x2x :)le 7 10 10 12 1 1~s 
254 MP 
255 
301 

7 
302 SEAL MASTER 303 10 12 7 7 2x2x1A 10 10 12 1% MP 304 

Ill ;;1 I 
12 353 10 LINK-BELT 

'A % 2x2x1A 7 10 10 12 2%1 
354 P-300 

355 7 10 
401 
402 7 10 6"·12# FAFNIR 403 CHANNEL lit 3x3x% 'A 10 10 12 2~ 
404 IRON lit SAOL 
405 v.. 7 

451 
452 7 10 6"·12# FAFNIR 453 CHANNEL ~ 3x3x% •;.. 10 10 12 2'~ 
454 IRON SAOL 
455 'A 7 

• 

• 
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199 1 251 1.5 2.0 
330 2.0 252-3450-18.5 335 2.3 252-3450·19.5 393 3.0 252-3450.21.8 2.6 252·3450·21.5 
390 2.1 253·3515-, 7.6 484 3.0 253-3515-18.5 456 3.5 252-3450-21 5 4.3 302·3515·21.5 
482 2.7 253-3515·17.5 678 4.4 253·3515-19.5 599 4.1 253-3513·20.0 5.0 302·3515 22.0 
654 3.9 253·3515-18.5 825 5.9 303·3515-19.5 733 5.5 303·3515·20.0 5.8 302-3515·22.5 
874 4.6 254·3515-17.8 1026 8.0 383·3515-20.5 663 6.6 303·351 5·20.5 6.3 303-3515·21.0 

1050 5.8 254-3515-17.5 1317 8.5 304·3515-18.5 1088 9.0 383-3515-21.5 7.5 303-3515·21.5 
1284 7.5 304-3515-17.5 1542 10.1 304-351 5-19.0 1375 9.5 304-3515-19.5 1154 10.1 303-3515·22.5 
1495 8.9 304·3515·18.0 1768 11.9 304·3515·19.5 1399 13.0 303-3515-23.0 1435 11.7 304·3515·20.5 
1758 8.9 305-3515-17.0 1979 13.6 304.3515·20.0 1611 11.6 304·3515·20.0 1705 13.3 304·3515-21.0 
2063 13.5 304·3515-19.5 2215 12.5 305·3515-18.5 1854 13.5 304·3515-20.5 2109 18.0 354-3550-21.0 
2306 11.5 305-3515-17.5 2383 17.4 304-3515·21.0 2090 15.6 304.3515-21.0 2414 20.9 354·3550·21.5 
2833 14.1 305-3515-18.0 2808 15.6 305·3515-19.0 2543 20.9 354·3550·21.0 2708 23.9 354·3550·22.0 
3295 16.7 305-3515-16.5 3380 19.2 305-3515·19.5 2885 19.4 355.355Q-19.5 3000 22.2 355~3550·20.5 

3724 19.3 305·3515-19.0 3595 31.6 354·3550·22.5 3623 24.1 355·3550·20.0 3740 27.2 355·3550-21.0 
4173 22.1 305-3515-19.5 4171 25.5 355-3550·19.5 4326 28.9 355·3550·20.5 4521 32.9 355 355Q-21.5 
6082 37.5 355-3550·20.5 4726 29.4 355·3550·20.0 4956 33.6 355-3550·21 0 5216 38.3 355·3550·22.0 

5838 38.0 355-3550·21 0 5536 38.1 355·3550·21.5 6476 49.1 355-3550·23.0 
7439 60.3 405·3550-23.0 
8886 75.2 405·3550·24.9 

11060 100.6 405-3550·25.5 

4. 301·3515-25.5 
665 6.6 302·3515-23.5 707 7.5 302·3515-24.5 550 6.3 302·3515-24.5 520 7.3 351·3515-26.0 
814 7.2 303-3515-22.0 874 8.2 303-3515-23.0 670 7.5 302·3515·25.0 636 9.2 351·351 5-27.0 
956 8.5 303-3515·22.5 1022 9.7 303-3515·23.5 889 10.8 352-3515-25.5 954 12.3 352·3515-26.5 

1099 9.9 303·351 5-23.0 1370 14.3 353·3515·24.0 1119 12.1 353-3515-24.0 1219 14.0 353·3515·25.0 
1433 14.5 353-3515·23.5 1683 18.8 353-3515·25.0 1470 16.4 353-3515-25.0 1400 16.3 353-3515-25.5 
1716 18.9 353-3515-24.5 2435 23.9 354-3550-23.0 1540 18.7 353-3515-25.5 1762 21.3 353·3515·26.5 
2258 20.7 354·355D-22.0 3107 31.4 354·3550·24.0 1958 24.0 353-3515·26.5 2093 27.1 353-3515-27.5 
2576 24.0 354-355Q-22.5 4197 35.6 355·3550·23.0 2640 27.6 354·3550-24.0 2950 34.6 404·3550·24.5 
3100 25.8 355·355Q-21.5 4903 44.3 405·3550-23.0 2988 31 7 354-3550-24.5 3315 39.4 404·355Q-25.0 
3931 31.0 355-3550·22.0 5888 53.0 405-3550-23.5 3434 39.0 404 3550-24.5 3720 44.8 404-3550 25.5 
4762 37.4 355-3550-22.5 6805 61.6 405-355Q-24.0 4200 41.8 405-3550-23.5 4300 48.0 405-355o-24.5 
5525 43.7 355-3550-23.6 8425 78.1 405-3550-25.0 5302 51.1 405-3550-24.0 5786 59.2 405-3550-25.0 
6379 53.9 405-3550·23.0 10011 96.2 405-3550·26.0 6331 608 405-3550-24.5 6857 59.9 405-3550-25.5 
7892 68.5 405-355Q-24.0 7302 70.4 405·3550·25.0 7871 60.5 405·3550-26.0 
9421 85.1 405·3550·25.0 8186 79.7 405-3550·25.5 9118 97.8 455·3556-26.0 

12470 124.6 455·3550-26.0 9014 88.9 405-3550·26.0 11078 121.8 455·3558·27.0 
11231 118.6 455-3550-26.5 

496 573 9.7 
628 9.4 351·3515-27.5 473 7.3 351 3515-27.9 788 13.3 351·3515-30.0 719 12.3 351·3515-30.0 
903 12.3 352-3515-27.0 611 9.5 351·3515-28.0 921 14.0 353-3515 28.5 847 15.0 351-3515-31.0 

1133 15.7 352-3515·28.0 837 12.1 352·351 5-27.5 1198 18.1 352-3515-29.5 1017 16.1 352.3515-29.5 
1522 18.7 353-3515-26.5 983 14.1 352·3515·28.0 1380 18.4 353-3515 27.5 1293 21.7 402·3550-29.5 
1898 24.3 353-3515-27.5 1217 17.8 352·3515·29.0 1606 21.7 353·3515-28.0 1438 24.3 402·3550-30.0 
2072 27.3 353·351 5-28.0 1463 18.8 353·3515·27.0 1991 29.0 403·3550 28.0 1725 25.8 403-0550-28.0 
2476 35.9 403-3550-25.0 1858 24.5 353-3515-28.0 2223 32.8 403·3550·28.5 1945 29.4 403·3550·28.5 
3204 39.9 404-3550-25.5 2042 28.7 403-3550.27.5 2653 41.3 403-3550 29.5 2421 37.5 403-3550-29.5 
3616 45.4 404-3550-26.0 2257 32.4 403-3550·28.0 3400 47.2 404-355Q-27.0 2858 46.8 403-3550-30.5 
4467 57.7 494-3550.27.0 2659 40.6 403 3550.29.0 4316 60.2 404-355Q-28.0 3474 62.4 403·3550-32.0 
6355 68.7 405·355Q-26.6 3521 46.2 404-355Q-26.5 5177 75.5 454-3550.28.0 4579 68.4 454-3550·28.0 
7492 84.4 455·355Q-26.8 3951 52.4 403-3550-27.0 6250 82.0 455·3550·27 .0 5851 86.5 454·3550·29.0 
8739 98.4 455-355Q-26.5 4831 65.8 404·3550-28.0 7786 97.2 455-3550-27.5 7500 102.0 455-3550·28.0 

10907 124.9 455-355Q-27 .5 5744 82.2 454-3550-28.0 9104 113.1 455-3550·28.0 8688 113.2 455-3550-28.5 
7250 86.0 455-3550·26.5 11578 141.3 455-3500·29.0 10054 130.6 455-3550-29.0 
8251 92.7 455-3553-27.0 11361 148.2 455-355Q-29.5 
9533 113.0 455-3550-27.5 

11760 141.9 455-3553-25.5 



PERFORMANCE DATA-- DSIGNS 1·5 - 3680 RPM 
NOTE Pertotmarums sJ:mwn are fot Dlreot Orl\ta. For Sell Ori\te saii:!Uliotls. corUa.ct factory, 

0 • 36 OZ. SP (62.353'' SP) 38·0Z. SP (65.816'' SP) 40 OZ. SP (69.28" SP) 42 OZ. SP (72.744" SP) 
CFM BHP. MODEL CFM BHP MODEL .CFM. BHP MODEL CFM BHP MODEL .. . ' 

556 9.8 351-3515-29.5 693 12.8 351-3515-31.0 759 15.4 401-3550.31.0 749 15.8 401-3550-31.5 
779 14.0 351-3515-31.0 941 18.8 401·3550.31.5 939 19.4 401-3550-32.0 932 19.8 401-3550.32.5 

1063 19.0 402·3550-29.5 1193 22.0 402-3550-30.5 1145 22.2 402-3550-31.0 1102 24.0 401-Q55Q-33.5 
1244 21.9 402-355Q-30.0 1380 25.2 402-3550.31.0 1335 25.4 402-3550-31.5 1489 29.3 402-355Q-32.5 
1559 27-6 402-3550-31.0 1544 28.2 402-355Q-31.5 1680 32.0 402-3550·32.5 1822 36.2 402-3550.33.5 
1903 29.8 403-3556-28.0 1812 34.1 402-3550-32.5 1820 35.1 402-3550-33.0 2311 40.7 403-3550-31.5 
2388 38.2 403-3550-30.0 2109 34.5 403.3550-30.0 2080 35.2 403-3550-30.5 2820 51.5 453-3550.81.5 
2856 47.7 403-3550-31.0 2611 43.7 403-3550-31.0 2590 44.7 403-3550-31.5 3128 58.2 453-3550·32.0 
3290 58.4 403-3550-32.0 2954 48.7 403-355Q-31.5 2849 49.8 403-3550-32.0 3430 64.8 453-3550-32.5 
4500 70.0 454-3550.28.5 3418 61.9 453-3550-31.5 3144 56.8 453-3550-31.5 4253 87.2 453-3550-34.0 
5053 79.1 454-3550.28.0 4400 72.0 454-3550-29.0 3695 70.2 453-3550-32.5 5516 96.2 454-3550-31.0 
5603 88.7 454-3550.29.5 5005 81.1 454-3550-29.5 4200 72.0 454-3550·29.5 6103 107.5 454-3550-31.5 
6162 98.8 454-3550.30.0 5564 91.0 454-3550-30.9 5010 90.0 454-3550·30.0 
6711 109.3 454-3550-30.5 6133 101.5 454-3550.30.5 5536 93.4 454-3550.30.5 
8294 113.4 455-3550.29.0 7261 123.8 454-3550-31.5 6114 104.4 454-355Q-31.0 
9684 131.5 455-3550.20.5 6701 115.9 454-355Q-31.5 

44 OZ. SP (76.208" SP) 46 OZ. SP (79.672" SP) · 48 OZ. SP. (83.136" SP) ·SO_'OZ: SP·(86.6" SP) 
CFM BHP MODEL CFrv1 BHP MODEL .CFM~ BHP' . MQDEl CFM ,_'·BHP . MODEL 

' " ~ .. ~ . . . ' ' ""' ~ ... • .r ~~ >. ' . . . 
833 18.2 401-3550.32.5 826 18.6 401-355Q-33.0 823 19.1 401·3550·33.5 1017 24.5 401·355Q-35.0 

1021 22.6 401-3550-33.5 1019 23.2 401-3550-34.0 1017 23.8 401-3550-34.5 1356 34.4 451-3550-35.5 
1254 26.1 402-3550.32.5 1421 39.3 402-3550-33.5 1391 30.8 402-3550.34.6 1730 40.5 452-3550.34.5 
1453 29.7 402-3550.33.0 1626 34.2 402-3550-34.0 1759 39.8 452-3550-34.0 1987 46.0 452·3550.35.0 
1821 37.2 402.3550.34.0 2022 44.0 452-3550-34.0 2011 45.1 452-3550.34.5 2220 51.4 452-3550-35.5 
2294 41.7 403-3550-32.0 2383 53.0 452-3550-35.0 2219 50.0 452-3550.35.0 2850 57.0 453-3550-33.5 
2804 53.1 453-3550-32,0 2793 54.4 453-3550·32.5 2787 55.8 453-3550.33.0 3122 64.6 453-3550-34.0 
3117 59.6 453·3556-32.5 3111 51.2 453-3550-33.0 3109 62.8 453-355Q-33.5 3445 72.2 453-3550-34.5 
3435 66.5 453-3550.33.0 3433 68.3 453-3550-33.5 3436 70.2 453-3550-34.0 4109 88.6 453-3550-35.5 
4294 69.5 453-3550-34.5 4047 83.7 453-3550-34.5 4077 86.0 453-3550-35.0 4417 97.4 453-3550-36.0 
4825 106.8 453-3550.35.5 4613 100.7 453·3550-35.5 4664 103.6 453-3550.36.0 
5090 115.2 453-3550-36.0 

52 OZ. SP (90.064" SP) 54 OZ. SP (93.528" SP) 56.0Z. SP (96.992" SP). 58 oz: SP (100:456" SP) 
CFM BHP MODEL CFM. BHP MODEL CFM BHP MODEL ·CFM BHP MODEL 

916 22.6 401-3550-35.0 1130 29.7 451-3550-35.5 1135 30.6 451-3550-36.0 1142 31.5 451-3550-36.5 
1127 26.6 451-3550.35.0 1374 36.6 451-3550-36.5 1382 37.7 451-3550-37.0 1392 38.9 451-355Q-37 .5 
1473 36.7 451-3550-36.5 1695 46.7 451-355Q-38.0 1718 48.4 451-3550·38.5 1633 46.5 451-3550·38.5 
1704 41.4 452-355Q-35.0 1946 48.1 452·3550-36.0 1931 49.3 452-3550·36.5 1920 50.5 452-3550-37.0 
1964 47.0 452·3550.35.5 2445 60.0 452·3550-37 .0 2455 61.8 452-3550-37.5 2195 57.0 452-355Q-37.5 
2433 58.2 452.3550-36.5 2624 70.9 452-3550-38 0 2861 73.4 452-3550-38.5 2466 63.7 452-3550-36.0 
2800 60.0 453·3550.34.0 3134 68.5 453-3550-35.0 3499 79.1 453-3550-36.0 2693 69.9 452·3550-36.5 
3121 66.5 453-3550.34.5 3823 85.1 453·3550-36.0 
3456 74.4 453-3550.35.0 
4143 91.2 453-3550-36.0 

60 OZ. SP (-1 03.92" SP) 62 OZ. SP-(107.384" SP) 6~ OZ. SP (_11 0.848" SP)' 
CFM BHP MODEL CFM BHP MODEL CFM BHP MODt;:L 

1151 32.6 451-355Q-35.0 1288 37.5 451-3550-38.0 1301 38.7 451-3550·38.5 
1276 36.3 451-355Q-37.5 1417 41.4 451·3550·38.5 1432 42.8 451·3550-39,0 
1404 40.1 451-3550.38.0 1548 45.6 451·355Q-39.0 1565 47.1 451·3550-39.5 
1652 48.1 451-355Q-39.0 1946 48.1 452·3550-39.5 
1912 51.8 452·3550·37 .5 2191 60.2 452·3550-38.5 
2191 58.5 452.3550.38.0 
2474 65.5 452-3550·38.5 
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ARRT. 1 
The fan wheel is overhung with both bear
ings mounted on a common pedestal. 
ARRT. 1 is suitable for high temperature 
and/or corrosive environment. Fan can be 
belt driven or directly coupled to drive 
motor mounted on a separate base. 

ARRT. 4 
Direct drive fan with wheel 
mounted directly on motor shaft. 
Unit is designed for standard 
temperature applications only . 
With no belt loss, the direct 
drive fan operates at a 
higher efficiency. 

ARRT. 9 
The fan wheel is overhung with both 
bearings mounted on a common 
pedestal. Fan is belt driven with 
drive motor mounted on bearing 
pedestal for a more compact unit 
suitable for high temperature and/or 
corrosive environment. 

ARRT. I UNITARY 
American Fan Co. offers unitary bases 
constructed of heavy channel iron for high 
horsepower or high temperature applica
tions where ARRT. 9 is impractical. The 
unitary base design is a complete pack
aged unit simplifying handling and installa
tion while providing a more uniform weight 
distribution necessary when vibration isola
tors are used. Unitary bases also allow 
excellent access for routine maintenance. 

ARRT. 8 
Direct drive fan through shaft and 
bearings. Efficiency of ARRT. 4 is 
maintained. However, ARRT. 8 may be 
used for high temperature and/or cor
rosive applications which requires the 
motor shaft to be outside of airstream. 
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BACKWARDLY INCUNED AIRFOIL 
18 Sizes from 1,000 to 93,000 CFM. Pressures 
to 17" WG. Write for Bulletin AS..0951. 

TURBO-PRESSURE 
9 Sizes from 400 to 3,000 CFM. 4 wheel types. 
Pressures to 55" WG. Write for Bulletin VP-0403 . 

UTILITY SETS 
Model 5MB-Direct Drive or Belt Drive. 6 Sizes 
from 100 to 4,800 CFM. Pressures to 3' WG. 
Write for Bulletin SMB-11 01. 

PLUG FAN 
14 Sizes from 1 ,000 to 50,000 CFM. Pressures 
to 13" WG. Write for Bulletin PBCS-1201. 

INDUSTRIAL EXHAUSTER 
13 Sizes from 400 to 43,000 CFM. Pressures to 
40" WG. Write lor Bulletin E·0601. 

PRESSURE 
BLOWER 
5 Sizes from 15 to 30 HP, 350 to 4,300 CFM. 
Pressures to 20' WG. Cast Aluminum 
construction. Write lor Bulletin AF-0302. 

' 
... 

"_J : ·' : ' 
,· 
' 

VOLUME BLOWER 
Model SC·Direct Drive or Belt Drive. 
4 Sizes from 100 to 1,400 CFM. 
Pressures to 4" WG. Write for Bulletin SC-1000. 

QBCA 
BACKWARDLY 1 

INCUNED AIRFOIL BLOWER 
14 Sizes from 500 to 42,000 CFM. Pressures 
to 17" WG. Write for Bulletin AS-0951. 

U.S. Sales office and factory: 
2933 Symmes Road 
Fairfield, Ohio 45014 
Phone: 513-874-2400 Fax: 513·870-6249 

www.amfan-woods.com 

XXX2.5M/01100199060 

&~ 
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TUBE AXIAL 
12 Sizes from 12" to 60" props. lito 25 HP. 
1,000 to 77,000 CFM. Adjustable pitch fan 
blades. Available in stainless steel, aluminum 
or special coatings. Write for Bulletin TA-1300. 

PANEL EXHAUST FAN 
Model PF·Direct Drive. Model PFB-Belt Dnve. 
9 Sizes from 12" to 60" dia. props. Air delivery 
to 72,000 CFM. Write for Bulletin PF-1401. 

HOODED ROOF VENTILATOR 
Intake. Filtered Intake and Exhaust Duty. 
6 Sizes from 1,000 to 48,000 CFM. 
Write for Bulletin RV-1501. 

REPRESENTED BY: 

LITHO IN U.S.A. 



·American Fan, US 

·centrifugal Lines ·· 

f¥Radial Blade I 

• 

Radial Blade Pressure Blower Centrifugal 

Radial Blade Pressure 
Blower 

All welded construction 
Cost savings compared to P.D. Blowers 
ANSI 150# Pipe flange dnlling 
Flanged inlet. outlet and Teflon shaft seal standard 
Gas tight construction option 
Rugged, channel iron motor and bearing base 
Pre-engineered for up to 700i Fahrenheit 
Market leader 

Features and Benefits 
Pressures to 11 0" SPwg, volumes to 11 , 700 CFM 
Multiple housing and wheel sizes 
Two-plane dynamically balanced wheels 

~:. 
'\\ 

n. ,...· .. 
4:.t..t::. . 

r~-. -...... ~~~ .1: '? 

Available in stainless steel, aluminum and exotic metals for severe applications 
• Heavy gauge, continuously welded housing 

• • 



182/4-T 502 
213/5-T 674 

352 254/6-T 664 
284/6-TS 798 
324/6-TS 976 
182/4-T 488 
21315-T 558 

353 254/6-T 650 
284/6-TS 782 
324/6-TS 962 

"Q" ¢ "R" Amount 
Equally Spaced 
Straddling % 
···s" Bolt Circle 

Maximwn 

FanSize Y Z 
230 25 

21315·T I 580 I 244 I 46 
354 I 254/6-T I 670 I 255 I so 

284/6-TS 804 '257 . 145 
82416-TS I 982 I 270 I 221 
't8214·T I 542 I 257 I 14 
21315-T I 612 I 275· I 31 

355 I 25416-T I 702 I 284 I 67 
284/6-TS 836 288 130 
32416-TS I 1014 I 299 I 208 

37 
53 
91 
152 
231 

"Q~' ¢ "R" Amount 
Equally Spaced 
Straddling % 
"8". Bolt Circle 

For Isolator Size And Location 
See Drawing RBC4851F 

G 
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MODEL: AB-351-3515·28.0/ 28.5/ 29.0/ 29.5 35.15 RPM .075 DENSITY 
6" INLET AND OUTLET DATE: 12/20/83 I TO -1912 
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• AMERICAN FAN COMPANY 
5123/2007 

16:01:40 

-~=-
Selected: SIZE = RB-351-28 

·'"''". Wheel Diam = 28.0000 In 
-&- RPM=3550 CV-00000 

U.t&A.-
Density = 0.0750 Lb/CF 
Width = 100.00% 

*********•****************************************************** 

VOL@ Static Brake PWR@ DBA 
VOLU 100.00% Pressure Power 100.00% S.E. @ 

CFM Width lnWG HP Width 5Ft 
1 1 1 51.551 0.515 0.515 1.59 107 
2 125 125 54.071 3.709 3.709 28.67 104 
3 249 249 56.845 5.254 5.254 42.38 107 
4 375 375 59.110 6.799 6.799 51.14 106 
5 500 500 57.549 8.344 8.344 54.13 104 
6 625 625 52.684 9.890 9.890 52.29 107 
7 749 749 45.544 11.435 11.435 46.86 110 
8 875 875 37.822 12.568 12.568 41.32 110 
9 1000 1000 28.489 13.495 13.495 33.14 110 

10 1125 1125 17.n9 14.010 14.010 22.42 110 
11 1249 1249 0.031 14.422 14.422 0.04 110 
12 1250 1250 0.020 14.423 14.423 0.03 110 

• ~· 'll:tlt t1f AtMO::an Fan Company - Feltllltl, Cit 

• 



Control# ENG016-0505 

,-
American· 
Fan Company 
...../ 

2933 Symmes Road, Fairfield, Ohio 45_014-2035 
Phone: (513) 874-2400. Fax: (513) 8?0-6249 

Service and Parts: 
Phon,e: (513) 87'4-?400, Dial~ 
Fax: (513) 874-3932 _ 
Service e-mail: service.usfao@flaktwoods.com 
Parts email: parts.usfao@flaktwoods.com 

AMERICAN FAN CO. INSTALLATION, OPERATION, 
AND.MAINTENANCE MANUAL 0505 -

This general mariual has been pr_epared tq assist you in installing and maintaining your 
American Fan equipme!it. By following the general instructions present~d. you will 
prolong the life of the equipment, while preventing unexpected downtime. 

The scope of this manual covers our standard product line and is not intended to cover 
specially eilgine~r'ed equip~ent. 

Table of Contents 
Page No. 

2 
2 
2 
2 
3 

Section I 
Receiving 
Extended Storage 
Handling 
Installation {General) 
Installation {Arrangement 8 Blowers) 

Secth;m II 
3 Before Start-Up 
4 .Start-Up 
4 Balance and Vibration 
4 Start-Up Of High Temperature Construction Fans·& Blowers 

Section Ill 
5 General Maintenance 
5 Fan Bearing Maintenance 
6 Motor Maintenance 
7 Fail motor's used with variable frequency drives 
7 V-Belt Drive Maintenance . -

Section IV 
8 Vibration Level of Replacement Impellers_ 
8 Problem-Troubleshooting 
9 Ordering Spare Parts 

Section V 
10-12 Terms of Sale anq Warranty 
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Page2 of 12 American Fan Company Operation and Maintenance Manual 

Section I 

RECEIVING 

All shipments are F.O.B. factory, Fairfield, Ohio. It is, therefore, in the interest of the 
buyer to carefully inspect all shipments before they are accepted from the freight carrier. 
Upon delivery, be sure that all items listed on the bill of lading and packing list (inserted 
in the plastic envelope attached to the shipment) have been received. Partial shipments 
are sometimes made. 

Units are usually completely assembled except when specifications call for unit less 
motor. They are then skidded, boxed or crated to fully comply with rail or trucking 
requirements for shipment. Accessories are sometimes shipped separately due to 
handling space requirements. 

Although all equipment is carefully inspected and prepared for shipment at the factory, 
damage to fan and/or drive parts may occur due to rough handling during shipment. 

Any shortage, breakage or damage noticed at time of delivery should be indicated to the 
carrier's representative. Damage noticed after delivery should be reported to the carrier 
at once. Request their inspection of the shipment and fill out a concealed damage 
inspection report. 

EXTENDED STORAGE 

Units that will be held in storage for a period of up to two years, should have special 
provisions so operation-readiness can be maintained. Motors should be equipped with 
Internal space heaters kept on continuously. Units should be crated and covered with 
polyethylene film. In addition, impellers should be hand-rotated once a month. For best 
results, keep units sheltered in a cool, dry location. 

HANDLING 

Small units should be handled carefully and lifted only by the base, never by the shaft, 
coupling, motor or housing. Large units should be lifted by the base or by lifting eyes. 
Precaution should be taken to avoid dropping or jarring equipment as this can cause 
damage to the shaft or wheel, which is not visibly noticeable, but can cause vibration 
problems. 

INSTALLATION 

Fans and motors should be mounted on structurally sound foundations. Concrete is the 
best, however, other types designed properly are acceptable. Equipment should be 
leveled on the foundation and shimmed or grouted in place. This will prevent putting the 
fan structure into a bind by bolting down on an uneven surface. 

As a general rule, if vibration isolators are used, the fan should first be bolted to 
structural steel base and the isolation takes place between the structural steel base and 
the foundation. This prevents the fan base from floating due to uneven weight 
distribution and/or drive forces when mounted directly to vibration isolators . 
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ARRANGEMENT 8 BLOWER MOUNTING PROCEDURE 

1. Motor and coupling should be mounted with blower resting on level, flat surface, but 
not bolted to surface. 

2. After blower is situated in its final mounting location, feeler gauges should be used 
between mounting feet and mounting surface at each bolt hole location to determine 
thickness of shims required. Since the blower base is a weldment, it will be warped 
to some degree. If it is not shimmed to the foundation properly when bolted down, a 
bind in the frame will result. This may cause a bent shaft. coupling, motor and/or 
bearing misalignment resulting in high vibration levels and premature failure of drive 
components. 

3. After shimming is done, each frame mounting bolt should be finger snugged. Then 
going from bolt to bolt, progressively tighten each one with a torque wrench until the 
proper torque value is achieved for the size foundation bolt being used. 

4. After the unit is completely tightened down to foundation, coupling alignment should 
be rechecked. If coupling is now mis-aligned, loosen foundation bolts and recheck 
coupling alignment. If after loosening foundation bolts, coupling is aligned, then a 
bind was introduced in the bolt-down procedure. It will then be necessary tore-shim 
so that the bind is no longer present. 

5. Once the unit is tightened down to foundation and coupling alignment is maintained, 
replace guards and check duck work, etc. Unit is now ready for start-up. 

6. Jog motor to make sure unit is rotating in proper direction. If so, bring up to speed 
and check amperage to motor to make sure enough static pressure is present in 
system to prevent motor from overloading. 

7. Vibration levels should be checked and if they are above values shown in table on 
page 4, a qualified balancing technician should trim balance the unit to achieve these 
levels. 

Section II 

BEFORE START-UP 

1. Fasteners - all foundation bolts, wheel hub setscrews, wheel locking bolts and 
bearing locking collars must be tight. 

2. Bearings- check bearing alignment and make certain they are properly lubricated. 
3. Fan Wheel - tum over rotating assembly by hand to see that it runs free and does 

not bind or strike fan housing. If wheel strikes housing the wheel may have to be 
moved on the shaft or the bearing pillow blocks moved and re-shimmed. 

4. Motor - check electrical wiring to motor. The current characteristics of the supply 
line must agree with the motor nameplate rating. Motor should be wired and fused 
in accordance with the National Electric Code and local codes. 

5. V-belt drive must be in alignment with belts at proper tension. 
6. Duct connections (if required) from fan to duct work must not be distorted. Ducts 

should never be supported by the fan. Expansion joints between duct connections 
should be used where expansion is likely to occur or where fan is mounted on 

• 

• 

• 
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vibration isolators. All duct joints should be sealed to prevent air leaks. All debris 
should be removed from ductwork and fan. 

STARTUP 

1. "Jog" the motor to check for proper wheel rotation. The motor should be started in 
accordance with the manufacturer's recommendations. Arrows on fan indicate the 
proper direction of rotation and airflow. 

2. Fan may now be brought up to speed. Watch for anything unusual such as vibration, 
overheating of bearings and motor, etc. Check fan speed on V-belt driven units and 
adjust motor sheave (on adjustable drives) to give desired RPM. 

3. Check motor amperage against nameplate amperage to make sure motor is not 
overloading. 

BALANCE AND VIBRATION 

All fan impellers are dynamically balanced prior to installation in the fan assembly. After 
assembly, fans supplied with motors are test run and fine-tune balanced to reduce 
vibration levels to acceptable limits as shown in table below (from AMCA Standard 204-
96). After field installation, fans will need to be checked prior to commissioning, to 
assure that the vibration levels do not change significantly from those achieved at the 
factory. It is recommended that the velocity values in the table below are not exceeded 
by more than 1 0% when field installed. 

Fan Application Category Rigid Mounted Flexible Mounted 
mm/sec. (in./sec.) mm/sec. (ln./sec.) 

BV-3 3.8 (0.15) 5.1 (0.20) 

The installed vibration level of any fan is not solely dependent on the balance grade. 
Installation factors such as the mass and stiffness of the supporting system, will 
influence the "as installed" vibration level (Refer to AMCA Publication 202, 
Troubleshooting). Therefore, the "as installed" fan vibration level is not the 
responsibility of the fan manufacturer unless specified in the purchase contract. 

START-UP OF HIGH TEMPERATURE CONSTRUCTION 
FANS AND BLOWERS 

In addition to normal start-up procedure described above, certain measures must be 
taken against thermal expansion deformation. 

1. Fan or blower should be brought to speed between 40°F and 150°F. It may be 
necessary to throttle back air entering fan or blower and slowly bleeding in heated air 
to accomplish this. (Note: If motor horsepower is sized for high temperature 
operation condition and not cold start-up, throttling inlet air will be mandatory to 
prevent motor overloading. It is recommended motor amperage be monitored during 
this procedure. 

2. The maximum recommended rate of temperature rise is 15°F per minute. 

3. The reverse situation of fan or blower shut-off also applies. That is the temperature 
must be lowered slowly before turning fan or blower off to prevent damage . 
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Section Ill 

GENERAL MAINTENANCE 

1. A definite time schedule for inspecting all rotating parts and accessories should be 
established. The frequency of inspection depends on the severity of operation and 
the locality. Inspections might be weekly at first in order to set up the schedule. 

2. Alignment - shaft must not be cocked in the bearings. Misalignment can cause 
overheating, wear to dust seals, bearing failure and vibration. 

3. Hardware - check tightness of all bolts and setscrews. 

4. Lubrication - check fan and motor bearings and add lubricant if necessary. Be 
careful not to over grease as this can damage bearing seals. 

5. Air flow - make sure there is no debris and no unnecessary obstructions to airilow in 
outlet or inlet ductwork. 

6. Bearings on high-speed fans tend to run hot. Therefore, do not replace a bearing 
because it feels hot to the touch. Place a pyrometer or contact thermometer against 
the pillow block and check the temperature. Pillow block and flange mount bearings 

• 

can have housing surface temperatures of 200°F (93°C) before the cause of • 
overheating be investigated. 

7. Wheel- inspect wheel blades for accumulation of dust and dirt. Clean thoroughly 
with stream of water jet, compressed air or a wire brush. This will help prevent an 
unbalanced condition. If blades are aluminum, be careful not to damage them. 
Cover the bearings so water won't enter the pillow block. The wheel should have 
proper clearances to prevent the blades from striking the housing. Make sure wheel 
is rotating in proper direction. Never run the fan at a higher speed or temperature 
than is shown on the fan nameplate. Contact American Fan Company with any 
questions. 

FAN BEARING MAINTENANCE 

For most applications, a lithium base grease (such as Mobilith AW2) conforming to a 
NLGI grade 2 consistency should be used. This type of grease inhibits rust, is water 
resistant, and has a temperature range of -30°F to 200°F with intermittent highs of 
250°F. For extreme duty and higher temperature applications, use Mobilith SHC220, 
synthetic hydrocarbon grease. 

Because oil lubricated bearings are usually used on high-speed or high temperature 
applications, refer to American Fan Co. factory for the type of oil you should use in your 
particular application. 

When greasing bearings, it is important not to overgrease. This is especially true if the 
bearings are equipped with extended grease lines and the bearings are not visible. In 
this case, more bearing failures occur due to overgreasing than undergreasing. It is best • 
to give the bearing just one "shot" of grease periodically if the bearings are not visible. 



• 
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When the bearings are visible, pump in grease until a small bead of grease forms 
around the bearing seals. It is very important that fan bearing greasing take place while 

the fan is operating. Caution should be taken while working on and near rotating 
equipment to avoid personal injury. 

When oiling oil-lubricated bearings, oil should be poured into cup at top of bearing until it 
reached the overflow point at the lower oil cup. 

MOTOR MAINTENANCE 

Lubricate motor bearings to the manufacturer's recommendations. Lubrication 
recommendations are included with the packet attached to the fan. Should this packet 
be missing, the following will apply: 

A. Fractional Horsepower Sleeve Bearing Motors: 
Under normal operation at ordinary temperatures and clean surroundings, these 

motors will operate for three years without re-lubrication. Then lubricate annually with 
electric motor oil or SAE 1 0 oil. Under continuous operation higher temperatures (but 
not to exceed 104°F ambient) re-lubricate annually. 

B. Fractional Horsepower Ball Bearing Motors: 
Under normal conditions, ball bearing motors will operate for five years without 

re-lubricatlon. Under continuous operation at higher temperatures, (but not to exceed 
104°F ambient) re-lubricate after one year. To re-lubricate where motors are not 
equipped with pressure fittings, disassemble motor and clean the bearings thoroughly. 
Repack each bearing one-third full with ball bearing grease. 

C. Integral Horsepower Ball Bearings Motors: 
Motors having pipe plugs or grease fittings should be re-lubricated while warm 

and at standstilL Replace one pipe plug on each end shield with grease fitting. Remove 
other plug for grease relief. On low pressure, grease, run and lubricate until new 
grease appears at grease relief. Allow motor to run for ten minutes to expel excess 
grease. Replace pipe plugs. Motors not having pipe plugs or grease fittings can be re
lubricated by removing end shield, cleaning grease cavity and refilling three-fourths or 
circumference of cavity. 

Recommended re-lubrication intervals (General guide only} 

H.P 
Range 

1%-7% 
10-40 
50-150 

Standard Duty 
8 Hr./Day 

5 Yrs. 
3 Yrs. 
1 Yr. 

Severe Duty 
25 Hr./Day 
Dirty-Dusty 

3Yrs. 
1 Yr. 
9 Mos. 

Recommended Motor Greases 
Polyrex EM - Exxon Oil Company 

SRI #2 - Chevron Oil Company 

Extreme Duty 
Very Dirty 

High Ambients 
9Mos. 
4Mos. 
4Mos. 
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FAN MOTORS USED WITH VARIABLE FREQUENCY DRIVES 

The following applies to the use of variable frequency drives when used with fan motors: 
1. Specify "Inverter Duty Motors" whenever possible. If this is not practical, 

premium efficiency motors must be specified. 
2. Specify motors with inverter spike resistant magnet wire when possible. 
3. Specify insulated bearings or provide shaft grounding to prevent shaft currents 

from causing bearing damage and premature failure. This is critical on motors 
that are 50 HP and larger since the cost of downtime and bearing replacement is 
typically much greater on larger motors, than the initial cost of one of these 
preventative measures. 

4. Specify the same manufacturer for both the motor and variable frequency drive, if 
possible, for single-source responsibility. 

5. A load reactor should be installed in series in the power leads between the VFD 
and the motor, located as closely as possible to the VFD. This is an inexpensive 
preventative measure, especially if the VFD is more than 75 feet from the motor. 

6. The switching frequency of the IGBT's in the VFD should be kept as low as 
practical to prevent higher temperatures in the motor and the VFD. However, 
lower switching frequencies cause higher noise levels in the motor. Therefore, 
the application noise level versus the higher temperature must be carefully 
weighed. Generally, 2.5 Khz is optimal. 

7. Good industrial wiring practices meeting local and national electric codes must 
be followed. 

8. It is best to limit the minimum frequency to the motor to 10 Hz or more for 
extended periods of time. 

Note: These are general recommendations only. As each application is different, you 
must consult the motor and drive manufacturer for specific requirements as they apply to 
your installation. 

WARNING! Shaft currents are phenomena created by the interaction between motors 
and variable frequency drives that can cause premature motor bearing failures. The 
occurrence of shaft currents is common and cannot be predicted. American Fan 
Company has experienced many motor bearing failures that have been positively 
identified as 'shaft currenr problems due to the distinctive failure pattern seen in the 
failed bearings. 

American Fan Company recommends the adoption of the above list of design 
constraints for any fan/motorNFD combination. Regardless if any or all precautions are 
taken, American Fan Company accepts no responsibility for shaft current related motor 
bearing failures and will extend only the warranties of the motor and/or variable 
frequency drive manufacturer (when supplied by American Fan Company). Further, 
American Fan Company will not be held liable for any consequential damages under any 
circumstances resulting from premature bearing failures due to shaft currents. 

V-BELT DRIVE MAINTENANCE 

• 

• 

If belts squeal at start-up, they are too loose and should be tightened. Periodically check 
belt and sheave wear, alignment, and tension. When belts show wear, replace all belts • 
at once with a new matched set of belts. New belts will not work properly in conjunction 



• 

• 
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with used belts due to difference in length. Belts and sheaves should be clean and free 
from grease. After installing new belts, check tension midway between sheaves. Belts 

should deflect about 1/64" per inch of span length with approx. 20-lb. force. Allow unit to 
run for 4 - 6 hours, then it will be necessary to re-tighten belts again because new belts 
tend to stretch initially. 

Section IV 

VIBRATION LEVEL OF REPLACEMENT IMPELLERS 

All replacement impellers are dynamically balanced at our factory prior to shipment. 
Occasionally, an impeller that has been factory-balanced will yield poor balance/vibration 
results when installed and operated. This does not mean that the impeller was 
incorrectly balanced at the factory. It can result from differences between test-stand 
conditions and operating conditions. A factory test stand has different bearings, bearing 
spans, structural response, stiffness, mechanical impedance, and by necessity, running 
speed. The test stand cannot duplicate the actual ''fan system" and its response. For 
these reasons, the "fan system" vibration levels must be checked after installing a 
replacement impeller. Refer to page 4 for acceptable vibration levels. 

PROBLEM TROUBLESHOOTING 

In the event that trouble is experienced in the field, listed below are the most common 
fan difficulties. These points should be checked in order to prevent needless delay and 
expense of factory service. 

1. CAPACITY OR PRESSURE RATING 
A. Total resistance of system higher than anticipated. 
B. Speed too low. 
C. Dampers or variable inlet vanes not properly adjusted. 
D. Poor fan inlet or outlet conditions. 
E. Air leaks in system. 
F. Damaged wheel. 
G. Incorrect direction or rotation. 
H. Wheel mounted backwards on shaft. 

2. VIBRATION & NOISE 
A. Misalignment of bearings, couplings, wheel, or V-belt drive. 
B. Unstable foundation, fan bolted to uneven foundation, not shimmed or grouted. 
C. Foreign material in fan causing unbalance. 
D. Worn bearings. 
E. Damaged wheel or motor. 
F. Broken or loose bolts and setscrews. 
G. Bent shaft. 
H. Worn Coupling. 
I. Fan wheel or driver unbalanced. 
J. 120 cycle magnetic hum due to electrical input. Check for high or unbalanced 

voltage. 
K. Fan delivering more than rated capacity . 
L. Loose dampers or variable inlet vanes. 
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M. Speed too high or fan rotation in wrong direction. 
N. Vibration transmitted to fan from some other source. 

3. OVERHEATED BEARINGS 
A. Too much grease. 
B. Poor alignment. 
C. Damaged wheel or driver. 
D. Bent shaft. 
E. Abnormal end thrust. 
F. Dirt in bearings. 
G. Excessive belt tension. 

ORDERING SPARE PARTS 

Service and Parts: 
Phone: (513) 874-2400, Dial2 
Fax: (513) 874-3932 
e-mail: greg.robinson@flaktwoods.com 

mike.niehaus@flaktwoods.com 

Contact the local American Fan Co. sales representative or AFC Service and Parts 
Department and supply the following information: 

1. Fan serial number stamped on nameplate. 

• 

2. Fan code and model stamped on nameplate. 
3. Fan arrangement. • 
4. Description of part required. 
5. Part number if part is a casting. 
6. Special materials, paints or coatings. 

WHEEL- Be sure to indicate direction of rotation as viewed from drive side, type of 
wheel and the operating speed. 

SHAFT- Length and diameter. 

MOTORS - The name of the motor manufacturer, motor model number, and serial 
number from the motor nameplate must be supplied to the factory for repairs or 
replacement. 

BEARINGS - The following information should be Indicated when ordering various types 
of bearings: 

ANTI-FRICTION BEARINGS 
1. State whether ball or roller. 
2. Manufacturer. 
3. Size and number. 
4. Fixed or floating. 

RECOMMENDED SPARES: 
1. V-belts on V-belt driven fans. 
2. Fan bearings 
3. Wheel (s) 
4. Motor (if blower is critical to your operation). • 



• 
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Section V 

AMERICAN FAN COMPANY TERMS OF SALE AND WARRANTY 

1. Authority of agents: No order or contract shall be binding upon us unless signed by an authorized employee 
of the company. Sales representatives and other agents are not authorized to bind us. Unless a statement 
representation or guarantee made by an agent is specifically provided for herein, it shall not constitute a 
warranty or be part of this contract. Typographical errors contained in the quotation or Invoice are not binding. 

2. Acceptance, exclusive terms: Our quotations are subject to acceptance within thirty (30) days from the date 
of quotation. Acceptance of our quotation includes acceptance of our terms, including those contained herein, 
which constitute the complete and exclusive contract between the parties. We do not accept any additional or 
different terms proposed by the buyer's acceptance of this offer. Our failure to specifically object to additional or 
different terms included in the buyer's acceptance shall not be deemed a waiver of exclusivity of our terms. 
This agreement may not be modified except by prior written agreement signed by an authorized employes. No 
course of performance, usage of trade or course of dealing may be used to supplement or explain the terms of 
this agreement or the obligations and rights of the parties hereunder. 

3. Seller's performance: We shall not be held responsible for any loss, delay, failure to deliver or damage caused 
by reasons beyond our control, including but not limited to: our inability to obtain labor, materials, fuel or 
supplies; fire, accidents, floods or adverse weather conditions; strikes, lockouts or other labor disputes; 
embargoes, governmental acts or requirements; wars, acts of terrorism, insurrections or riots, or actions of 
subcontractors. 

4. Payment: Net payment is due of the invoiced amount (hereinafter "Contract Price") and shall be paid in cash or 
check only within thirty (30) days F.O.B. our factory unless otherwise specified in our quotation. 
(a) Inadequate shipping instructions: If we are unable to ship the goods when ready due to your (or your 

representative's) instructions or lack of instructions, invoicing will be submitted and payment in full 
shall be due within thirty (30) days of notification that we are ready to ship. 

(b) Set-off: No retention, set-offs or counterclaims may be exercised against our invoices without prior 
written authorization. 

(c) Late payment charges: We shall be entitled to charge interest on overdue accounts (in addition to 
storage charges referred to below) at the rate of 2% per annum above the prime rate for any amount 
overdue and unpaid. Overdue accounts will also be charged reasonable costs of collection, including 
attorney fees to the extent permitted by the laws of the State of Ohio. 

5. Price: Our quotation only includes such goods, services, accessories, and work as specified therein, unless 
otherwise specified In our quotation: 

6. 

(a) Packaging: Packing in accordance with our current standards is included in our quoted price; 
otherwise, packing charges will be added to the invoice price. 

(b) Samples: Any samples submitted to you and not returned to our factory within sixty (60) days from 
date of receipt shall be paid for by you. 

(c) Taxes: All applicable taxes will be added to the invoice price unless we receive your signed Tax 
Exempt Certificate. 

(d) Shipping: Our quotations do not include shipping. If you request delivery other that F.O.B. our 
factory, you will be charged extra for any shipping, handling, loading and/or insurance. 

(e) Storage: If we do not receive adequate forwarding instructions within thirty (30) days after notice to 
you that the goods are ready for collection or that we are ready to ship, we are entitled, but not 
obligated, to arrange storage at your sole expense (including storage, handling, demurrage and 
insurance). 

(f) Alteration of: This Quotation/Job does not include alterations to buyer's premises, electrical or other 
utilities required to install the equipment provided here under. 

Price escalation: We reserve the right to adjust the Contract Price if we incur extra costs due to changes or 
delays caused by you or your agents including, but not limited to, Inadequate or Improper instructions, designs 
or specifications. We reserve the right to adjust the Contract Price if we incur extra costs due to governmental 
acts, which affect performance of our obligations under contract. 
(a) Our equipment Prices on equipment of our manufacture are firm for shipments to be made within 

one hundred twenty (120) days from date of order. [After one hundred twenty (120) days, prices will 
be adjusted In accordance with increases In the cost of labor, materials and overheads. The Increase 
will be calculated by the FORMULA FOR CONTRACT PRICE ADJUSTMENT specified in our 
quotation. Or, after one hundred twenty (120) days, prices will be adjusted to our prices In place at 
the time of shipment.] 

(b) Supplier equipment: Prices on equipment of our manufacture are subject to adjustment by the same 
percentage of price change as may be made effective by our supplier prior to shipment of the 
equipment to you. 
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7. Shipping: Unless otherwise agreed, equipment shall ba delivered F.O.B. our factory. We are authorized, but 
not required, to arrange shipping at the buyer's sole cost, by common carrier. For goods to be exported outside 
the continental United States, we are authorized, but not required, to arrange shipment, at the buyer's sole cost, 
from our factory alongside a vessel named by you at the port stated on our quotation. This clause does not 
affect the risk of loss or other Incidents of the sale. Our obligations are deemed fulfilled and the risk of loss 
shifted to the buyers as soon as conforming goods are delivered to a common carrier or to the customer In the 
event that no common carrier is Involved. 

8. Delay In Shipping: Lead times quoted for shipping are estimated and we are not responsible for any losses 
resulting from delays. If we specifically agree in writing to a fixed time for shipment, we are not liable for 
damages caused by delay unless we have also specifically agreed in writing to a liquidated damages clause. In 
that event, our liability is limited to the amount of the agreed upon liquidated damages or the losses directly 
caused by our delay, whichever Is less. A fixed time period for shipment does not start until we receive a written 
order with all information necessary to proceed with the job. including. but not limited to, your acceptance and 
approval of our specifications and drawings, licenses and government approvals, and arrangements for 
payment which meet our satisfaction. We are not responsible for delays caused by any reason in paragraph (3) 
above or caused by your Instruction or lack thereof. No agreement for a fixed time for shipment is binding on us 
unless accompanied by an agreed upon liquidated damage clause. signed by an authorized employee. 

9. Cancellation: Contracts and purchase orders may not be canceled without our prior written consent. You will 
be subject to cancellation charges. Cancellation charges Include tha amount necessary to compensate us for 
all materials ordered and work performed prior to the date of termination, lost profits and reasonable overheads 
and any other expenses resulting from the cancallatlon. Payment of all cancellation charges shall be made 
within thirty (30) days of the date of the invoice itemizing such charges. 

10. 

11. 

Drawings, samples, models and other descriptions: Descriptive materials do not constitute a warranty that 
the goods shall conform to the description, and are not pert of this contract. All descriptive materials Including. 
but not limited to shipping models, catalogs, price-lists and other advertising materials are for Dlustratlve 
purposes only. Unless drawings have been approved, we reserve the right at any time to change without notice 
the design, construction or specification of any equipment, machinery or system provided the revisions do not 
prejudice the operation of the equipment. 

Product Performance: All performance figures given by us are approximate and are based on our laboratory 
experience and you agree that we accept no liability in the event of failure to achieve such performance figures. 
The figures only reflect performance we expect to obtain in our laboratory when tested to the relevant Air 
Movement and Control Association (AMCA) standards with test and tolerances detailed in our current technical 
literature. You assume responsibility for your own system design and for the goods being sufficient for your 
purpose. We wm accept neither responsibility nor llabHity for the performance or suitability of our goods In their 
final operating environment, whether or not details of the final operating environment have been made available 
to us. We are not responsible for any performance curves that have been altered. If we specffically agree in 
writing to guarantee performance, we are only responsible for proven performance deficiencies if, and to the 
extent, we have agreed In writing to a liquidated damage clause which shall not in any event result in our 
incurring liability In excess of the Contract Price. No performance guarantees are binding on us unless in 
writing and signed by an authorized employee. 

12. Inspection and tests: Our products are subjected to standard quality control inspection procedures before 
shipping. Standard inspections proceed without notice to you unless you request otherwise. if you require 
other tests, personal Inspection, or that test/inspections be conducted in your presence, you will be charged 
extra. Any special Inspections or tests shall be at our factory and will be made within seven (7) days after we 
give you notice that the equipment is ready for shipment. Failure to inspect the equipment at this time shall 
constitute a waiver of your right of inspection. Acceptance of goods occurs when (a) after inspection, you 
signify to us that the goods are conforming or (b) you fall to timely exercise your inspection right in accordance 
with this paragraph. 

13. Subcontracting: We reserve the right to sub-contract the fulfillment of any contract or part thereof. 

14. Governing Law: The parties acknowledge that the transaction that Is the subject matter of this agreement 
bears a reasonable relation to the State of Ohio and that this agreement shall be governed by the laws of the 
State of Ohio, Including the Uniform Commercial Code as enacted In that State. it is speclflcally understood 
and agreed that this agreement Is for the sale of •goods" as that term is used in the Uniform Commercial Code. 

15. Severability: The Invalidity or unenforceabllity of any one or more phrases, sentences, clauses, paragraphs, or 
sec!lons contained In this agreement shall not affect the validity or enforceabUity of the remaining portions of 
this agreement. 

• 

• 

• 
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16. Provisions requiring notice: Any notice provided pursuant to this agreement shall be in writing and shall be 
deemed given (I) If by hand delivery, telecopy or e-mail upon receipt thereof; (II) If mailed to the most recent 
address, three (3) days after deposit in the U.S. mails with prepaid postage or certified mall return receipt 
requested. 

17. Assignment: You may not transfer your rights or delegate your performance under this agreement whether by 
assignment, subcontract, merger, reorganization, operation of law, or otherwise, without the prior written 
consent of an authorized employee. 

18. No Waiver: The waiver or failure of American Fan to exercise any right provided herein shall not be deemed a 
waiver of any further or other right hereunder. 

19. Limited Warranty: We warrant equipment of our manufacturer to be free from defects in design, materials and 
workmanship (exclusive of abrasion, corrosion or erosion) for twelve (12) months from the date of receipt of 
notice that the goods are ready for shipment or from the date of shipment to the original purchaser, whichever 
comes first. In order to claim the benefit of this warranty you must notify us in writing of the claimed defect 
within ten (10) days after discovering It and return the equipment or parts to our factory with transportation 
prepaid. In the event of on-site repair, our service technician will not be dispatched until we receive your written 
purchase order. This warranty In not applicable if any of the following conditions exist. 
(a) You have operated the equipment outside the scope of the specifications. 
(b) You have permitted other persons not approved or authorized by us to alter, adjust, replace, or repair 

the equipment or any part thereof. 
(c) You have not followed instruction or other directions given in the contract documents or our 

maintenance manual. 
(d) When breakage or other loss or damage Is the result of any negligence, misuse or fault on the part of 

any operator or other person not under our supervision or control. 
(e) When breakage or other loss or damage Is the result of fire, lightning, or other casualty or of factors 

external to the equipment. 
(f) The defect is the result of designs or drawings made, furnished or specified by you . 
(g) The defect is attributable to goods not of our manufacture but supplied by us as part of a contract, In 

which case our liability shall be the lesser of the supplier's liability to us·or any liability we would have 
for warranty on our own equipment. 

(h) You have not paid in full any Invoices submitted to you, which are due for payment. 
(I) In the event of fair wear and tear of lhe equipment. 

THIS WARRANTY IS IN LIEU OF ANY OTHER EXPRESS OR IMPLIED WARRANTIES, INCLUDING ANY IMPLIED 
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. OUR SOLE AND 
EXCLUSIVE OBLIGATION UNDER THIS WARRANTY IS TO REPAIR OR REPLACE DEFECTIVE EQUIPMENT OR 
PARTS OR, AT OUR OPTION, TO PAY THE REASONABLE COST OF REPAIR OR REPLACEMENT. YOU AGREE 
THAT WE SHALL NOT BE LIABLE FOR ANY CONSEQUENTIAL, INCIDENTAL OR SPECIAL DAMAGES FOR 
INJURY OR FOR COMMERCIAL LOSS, PROPERTY DAMAGE OR OTHERWISE. NOTWITHSTANDING THE 
ABOVE, OUR MAXIMUM LIABILITY SHALL NOT UNDER ANY CIRCUMSTANCES EXCEED THE CONTRACT 
PRICE • 
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Recommended 

SAFETY PRACTICES 
For Users and Installers 

of Industrial and Commercial Fans 
AMCA Publication 410-96 

FOREWORD 

i. This publication has been p1-epared by the Air Movement 
Division of the Air Movement and Control As!.llciation 
International. Inc~ (AMCA). The information contained in this 
publication lw. heen derived tium many sources. The suggestions 
made necessarily should he general in their mearung and cannot be 
applied literally to all specific situations or condition~. 

ii. The safe lnstallaUon sad operation ottus l.s there
sponsibility of the system designer, Installer, maintainer, 
and user. From the initial system design through the life of the 
equipment. safety should be a foremo$t consideration. Some ar
eas which require some special attention include system design. 
layout und construction. fan performance specifications. founda
tion and installation details, storage procedures, start-up and 
commissioning procedures. operation, maintenance, and repair. 
Specific safety requirements are mandated by federal, state, and 
local codes. Recommended Safety Practices for Users and l11stall· 
ers of l11dustrial and Commerrial Fans is publish~:d by AMCA for 
assistance. Sysl~m designers, inst·lllers, maintainers, and users 
should consult and properly comply with all applicable codes 
and guidelines. 

iii. Th~: safety r~:commendations contained herein are intended 
to assist designers, installers, maintainers. or other users of air 
moving devices in the safe operation and use of the devices men
tioned. These recommendations do not represent the only meth· 
ods, procedures. or devices appropriate for the situations 
discussed. Caution should be used at all times when working in 
or around moving parts. 

iv. AMCA disclaims any and all warranties, expressed or im
plied. regarding the products sold by the manufacturer with 
which this booklet has been provided. Further, AMCA recom· 
mends that competent personnel be consulted in deciding what 
is the preferred or recommended safety procedure in a particu
lar instance where the guidelines contained in this booklet are 
unclear or in any way incomplete. 

v. AMCA has offered the information within this booklet to 
assist in the safe operation, maintenance, and use of the products 
sold by members of AMCA.ln so doing, AMCA does not assume 
any legal duties of the designer or manufacturer to instruct or 
warn about their product. AMCA expressly disclaims liability for 
any injury or damage arising out of the operation or use of the 
product or the guidelines contained herein. 

vi. These recommended safety practices were adopted by the 
AMCA membership on April28, 1996. 
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1. INTRODUCTION 
1.1 Fans and other uir moving de-
vices are made in a wide vuri"ety of 
types, sizt!s, and arrangements. This 
publication addresses the proper usc 
and installation of industrial and Ccntrifugul 
commercial fnns. It is not intended to Fu11 
address residential and consum~:r fans. 

Ax ~a I 
Fun 
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1.2 Various "size" factors are important when assessing poten
tial for injury; some factors are: diameter of impeller {wheel, rotor, 
propeller), rotational inertia, voltage, and current. 
1.3 This guide is intended to assist in the safe installation of air 
moving equipment and to warn operating and maintenance person
nel of the commonly recognized hazards a:>sociated with this equip· 
ment. 
1.4 Haatlllng and installaUon should always be performed 
only by e1lperlencetlsntl trained personnel wha are aware of the 
hazards associated with rotstlag equlpmtmt. Failure to comply 
with these practices may result Ia death or serious bodily Ia· 
Jury. In addition to follllwing lbe manufacturer's installation in
structions, care should be taken to ensure! compliance with specific 
safety requirements mandated by federal. sUite, and local codes. In
dustry safety standards and practices published by AMCA and by 
other recognized agencies and associations should be consulted and 
followed where applicable. 

2. PERSONNEL SAFETY ACCESSORIES 
:1.:1. GENERAL 
2.1.1 Protective devices are incorporated as standard construction 
on some types of fans but on many fans, these devices are offered 
as optional accessories. This is done because the need for the de
vices and the design required will frequently depend upon the type 
of system, fan location. and operating procedures being employed. 
Proper protective safety devices; company safety standards; specific 
safety requirements mandated by federal, state, and local codes; 
and industry safety standards and practices published by AMCA 
and by other recognized agencies and associations should be deter
mined by the user, who should specify and obtain the uppropriate 
devices from the fan manufacturer or others, and should not allow 
operation of the equipment without them. Examples of available 
devices include the following: 

2.2 PAN GUARDS 

2.2.1 All fans have moving parts which require guarding in the 
same way as other moving machinery. Fans located less than seven 
(7) feet above the floor require special consideration. Specific 
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safety requirements should comply with mandated federal, state, • 
and local codes; and industry safety standard& and practices pub-
lished by AMCA and by other recognized agencies and associations 
should be followed. 

1 



• 2.2.2 Roof'-mountc:d funs anti other funs which me nut gencrully 
accessible may not require ~af.:ty guard~ which might otherwi~e be 
appropriate. Where tlccc:ssibihty to these tans 1s occasional or infre
quent, the cxpc:nsc: nf perm:mc:nt guarding muy be reduced through 
the use of lockout switches and suitable: warnings. In such cnsc:s, 
maintenance personnel should c:ngage the: lockout switch before un
dertaking uny maintenance nr repairs. As is the case with othcr ma
chinery involving moving parth, common sense and caution will 
pn:scrve personul ~afety. 

l11clu.rrtrilll 1)'/'L" Guurtl lYiuximum Suji:l,\' Sc-rr:c."JI m1 Roof 
Fur Pruprll.•r Fu11 · Gmrrtl for Pruprl/cr F1111 Vmriltllllr 

2.3 INLET AND OUTLET GUARDS 

2.3.1 Axial and centrifugal fans are often connected directly to 
ductwork which will prevent contact with the intcrnul moving parts; 
when an elCposed inlet or outlet reprc:hcnts u hazard. a suitable 
gu:1rd should be installed. 

9:2)) ~ ~@D 
Crmrifugtrl Ftur 
Pmrtctcd by Ducllvtlrk 

2.4 DRIVE GUARDS 

lnlc•t or Outlet Clum·tl 
011 Cclltrifugtrl Ftm 

Guurtl for A.titrl Fmr Witlr 
Nrm-Drrt·tctlllllrt tJr Orrr/rr 

2.4.1 Fans may be driven directly from the motor shuft or through 
a belt drive. Where the bearing assembly, rotating shaft, sheaves. or 
belts ure exposed, a suitahlc guard may need to be provided. Some 

•@".'"'":ii ~ 
Dm•• CUIIfJ/illg Hem Sli11gcJ Guurtl (Siwft Slruft mill llcun11,~ 
Gmrnl mul bruri11g guur·tl omiucd for Grmrrl 
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2.4.2 Drive guards muy be required for tu- , , 
bular centrifugal or axial funs to cover the ex- -, 
posed drive sheave und belts outside the fan 
housing. 

Dm·e Grrnrrl - A.tirr/ Frrn 

2.4.3 A typical centrifugal fan drive guard 
muy vary with the arrangement. Safety 
guards should be used when dnve systems 
arc accessible to personnel. In restricted ar
eas, omission of the buck cover muy be accept-
able. Dri••e G~t~rnl· 

Cemrifrrgrrl Fan 

2.4.4 Dampers and their linkage may operate suddenly without 
warning at high speeds. Dampers and their linkage contain pinch 
points which should be identified and guarded. 

3. HIDDEN DANGERS 
3.1GENERAL 

3.1.1 In addition to the obvious hazards associated with the mov
ing parts of rotuting machinery, fans present additional potential 
huzurds that are not so obvious and should be considered by the 
system designer and user for safe operation. 

3.2 SUCTION AND AIR PRESSURE 

3.2.1 Fans operate by creating suction and air 
pressure which can be haz.ardous. Solid objects 
can be drawn into a fan's inlet and then be
come dangerous projectiles when they are ex-

Special Purp e 
Intake Screen 
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huusted through the: fan's outlet. Solid objects cun also cause fun 
failure or Impeller failure due to Imbalance or damage to the 
Impeller blades. Personnel in close proximity to a fan inlet can be 
overcome by the suction. and drawn into the: fan. 
3.2.2 Whenever there is a possibility that ~olid nbjc:cts can b.: 
drawn into a remote intake, the intak.: should be gu;uded ut all 
times. Before a guard is removed. the tan should he disconnected 
and the power supply lock ell out. 
3.2.3 Where funs are instulled over an occupi.:d an:a. safety 
guards should be: provided to prevent dropped ohjc:cts frnm enter
ing thi~ area during installation and maintenance. 
3.2.4 Access doors to a fan or duct system should never he 
openc:d wliile the fan is opc:rating or coasting to a stop. On the 
downstream (or prcssure) side: of the: system. releu•ing the donr 
with the system in operation may rc:sult in 1111 explosive upc:ning. On 
the upstream (or suctiun) side. the inflow may he sufficient tu draw 
in tools. clothing, and other materials. The power supply ~hnuld al-
w;tys be locked out prior to uccessing a fan or ductwork. . 
3.2.5 Fan_ desi~n s~1metimcs requires access dnurs _ _ ~ 
to be supplied wllh mtc:rnal components such as .,._ . _ :::'"'~ ) 
a plug to fill a holt: in the fun cusing.Thcsc ~lf ~) . 
doors can often be hc:avy and difficult tn handle. .. ~ #_-/ 
Cure should be: c:xercist:d when opening. remov- .J} / 
ing, and installing these: component~. 

BultcJ llccc.·s,\ DrJor 

3.3 WtNDMIUING in Dll<"l 

3.3.1 Even when the power supply is locked out, funs may cause 
injury or damage if the impeller is subject to -windmilling- which is 
the turning of the impeller and drivc: components due to 11 draft in 
the system. To guard against this hazard, the impeller should be: se
cured to physically restrict rotational movement. 

3.4 TEMPERATURE 

:;.4.1 Many funs, fun motor~. and fan component• rutl at tempera
tures that could burn someone whu cnmcs in contact with the hut 
areas, including dischurgc:d or leaking gus.:s. If this poh:ntial hazard 
is present. steps should be: Iuken so that pcrsunn.:l working ncar th~ 
fan are aware of the danger :md can exercise: caution. 

3.S FAN NOISE AND ENVIRONMENT 

3.5.1 Some fans can generate sound that could be hazardous to 
exposed personnel. Sound pressure c:m he measured in the field. 
but obtaining uccurate datu is difficult. The: c:nvironment in which 
the fan operates can impact the ability to ubtuin accurate ft~n sound 
readings. Consult the munufacturer for fun sound duta. It is th.: re
sponsibility of the system designer, installc:r, user, and maintainer 
to comply with specific safety requirements mandated by federal, 
state, and local codes; and tu follow industry safety standards and 
practices published by AMCA anti by other ~ 
recognized agencic:s and associations. regard- G 
ing personnel safety from exposure to fan ./") () 
noise associated with use and eKposure to the 0/ 
equipment. 

3.8 STROBOSCOPIC EFFECT 
Hr·uriiiK Pmuctio11 

3.6.1 The stroboscopic effc:ct of certain lights in combination with 
certain fan speeds may cause a rotating absembly to appear 
stopped. In these cases, irregular markings can be placed on the 
moving parts to prevent this type of effect. Personnel should be 
warned that the fan may be in motion even if it appears not to be. 

3. 7 SPECIAL PURPOSE FANS AND SYSTEMS 

3.7.1 The hidden dangers associated with Special Purpose Fans 
used in special systems are covered in Section 6. 

4. POWER ISOLATION 
4.1 Every fan should be installed with a suitable device allowing 
it to be completely disconnected or isolated from the power supply. 
4.2 Many fans are started by remote switches or push-buttons. 



by interlocks with other equipment, or by autom;uic controls. Be
l'ore performing any maintenance. inspection, ur other activity 
which will rc:quin:: removal of gu<~rds. ductwork. uccess doors . .::tc., 
or ~xposurc of moving purls. the fan power supply should be locked 
out und the ran r<~gged out oF service. 
-L1 In ~ume in~tallatinns other equipment. such as gus burners, 
may be interlocked with the fan so that disconnecting the fan will au
tumaticallv ~hut off the hurner or uther device. Maintemmce on sys
tems of thi~ type slmult.i be performed only under the supervision t1f 

competent engineering personnel and in at."Cordance with appliciible 
codes and sta ndunl11. 

R~mvl~ 
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51} 
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4.4 In case~ where the fun is power driven by a source other than 
an electric mutor, appropriate provision~ should be made fur the 
isulution or disengagement of the power supply. 

S. START·UP CHECK UST 
5.101NERAL 
5. L I Before putting any fan into initial operation. the 
manufacturer's in~tructions should be followed. Transportation, 
handling, and installation can cause fasteners to loosen, and cause 
misalignment uf f110 components. Carefully follow this check list 
when commissiuning equipment. 
5.1.2 Lock out the primary and all secondary power sources. 
5.1.3 A complete inspection should be made of all of the ductwork 
;md the interior of the fan. Make certain there is no foreign mnterial 
which can be dr.twn into or blown through the fun or ductwon ... Ap· 
prupriate protective measurt=s and surety practices should he ob· 
served when entering or working within these areas. These mcu.~ures 
might include the use or goggles. respirators. or other personal pro
tective device:>. 
5.1.4 Make sure the roundation or mounting arrangement and the 
duct connections are adequately designed und installed perdr-.1wings 
and in <tccorduncc with recognized acceptable engineering practices 
and with the fan munufucturer's recommendations. 
5.1 .5 Check and tighten all bolts. fasteners. and set screws as nec
e:.sary. 
5. J.Cl Check the fan as.~embly and bearings for proper grounding to 
prevent SUllie eh:ctricity discharge. 
5.1.7 Ensure power and drive components such us motor starter, 
variable frequency drive. or hydraulic power unit are properly sized, 
mmchcd. anu connected to the fan. 
5.1.1! Check. bt:arings for recommended lubricant and lubrication 
nmount. 
5.1.9 Spin the rotating ussembly to determine whether it rotates 
freely, without hitting anything. and i1-o not grossly out of balance. 
5.1.Hl Inspect impeller for proper rotation for the fan dtsign. 
5 .1.11 Check alignment of drives and all other components. 
5.1.12 Check the belt drive for proper sheave selection and installa
tion and make sure the sheaves are not reversed (excessive speeds 
could develop). 
5.1.13 Check for recommended belt tension. 
5.1.14 Properly secure all safety guards. 
5.1.15 Assure that all appropriate warnings have been put in place. 
5.1.16 Secure all access doors to the fan and ductwork. 
5.1.17 MomentDrily energize the fan to check the direction of rota
tion. Listen as the fan coasts to a stop for any unusual noise, identify 
the source, and take corrective action as necessary. 
5.1.18· Switch on the electrical supply and allow the fan to reach full 
speed. Check carefully for: 

(1) Excessive vibration 
(2) Unusual noise 
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(3) Proper bell alignment 
(4) Proper lubrication 
(5) Proper nmperuge. voltage. or power values. 
(b) If any problem is indicated. SWITCH OFF IMMEDI

ATELY. 
(7) Lock out the power supply. Secure the fan impeller if there is 

u potential forwindmilling. Check carefully for the caul>c of 
the troubh:. correct a~ necc~sary. ami repeat check list pruce
dure. 

5.2 Even if the fun uppl!ars to be opemting sut~facturily. shut 
down after a brief period.luck out the power supply. and recheck 
items 5.1.5 through 5.1.17 as the initial start-up may huve luo~ened 
the bolts, fasteners, and set screws. 
5.3 The fan may now he put into operation, but during the first 
eight hours of running. it shuuld be clusdy oh~erved and checked for 
excessive vihrution and noise. At this time checks should also be 
made of motor input current and ml)tor and b~llfing temperatures to 
ensure thatthq do not exc~ed manufacturer's recommendation~. 
5.4 After eight hours of operation. the fan should be shut down 
and the power locked out. Check list items 5.1.5 through 5.1.17 
should be inspected and adjuSted. if neces.~ary. 
S.S After twenty-four (24) hours of satisfactory operation, the 
fun should be shut down (lock~d out) and the drive belt tension 
should be readjusted to recommended tension. 
5.6 After commissioning and litart-up. the fan should be oper· 
ated and maintained in accurdant:e with the manufacturer's and 
component manufacturer's recommendations. Some basic guidelines 
for WARNING SIGNS and ROUTINE MAINTENANCE are in
cluded in Sections 7 and 8 of this publication. These sections are 
meant as n supplement to other publications und nrc not intended 
to replace the manufacturer's instructions. 

8. SPECIAL PURPOSE FANS 
b.l Most fans are designed to handle clean air at standard tem
peratures between J2•F ant.! 12U"F. These fans should not be placed 
in systems or used for other than their de.'lign intended use. Special 
Purpose Fu11s arc designed for use in systems thut may include ex
treme temperatures, explosive, toxic, or special gases, material han
dling, corrosive environments, or other special huzards which should 
be carefully considered. Specific safety requirements should comply 
with mandated federal, state. und locul codes: nnd industry safety 
standards and practices published by AMCA and by other recog· 
nized agencies and associations should be followed. 
6.2 Where the system will handle explosive or flammable materi-
als (i.e., dust. fumes, vapors or gases). fans of spark-resistant con· 
struetion should be used. 
6.3 Funs connected by ductwork or other piping may contain 
gases other than air which are hazardous. In these cases, procedures 
should be established to prevent exposure of personnel working on 
or near the f11n, and by muintenunce personnel who may need to en· 
tcr the fan. Appropriate personal protective equipmc:nt as deter· 
mined by the material safety data sheet, and system operators 
should be utilized. Appropriate environmental protective measures 
should also be taken. 
6.4 Fan inlet boxes, housings, ductwork, and other system com-
ponents which are large enough to permit entry should be consid· 
ered confined spaces. System areas may also serve us low points 
where heavy gaseb,liquids, or other substances muy accumulate and 
present explosive, fire, health, or suffocation hazards. Appropriate 
protective measures and safety practices should be observed when 
entering or working within these areas. 
6.5 Material-handling fans ure specially designed to allow the 
fun to handle a specific type of material without excessive accumu
lation of material on the fan impeller. Fans handling corrosive 
gases or erosive materials should be checked periodically. If loss of 
material is evident, the fan should be .-;hut down, power supply 
locked out. and tagged out of service. The manufacturer or other 
qualified personnel should be consulted to detennine if the fan is 
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within safc:ty limits for ope: ration. To .:nsure sari~ factory ope: ration 
it is essential to observe the munufacturer's limitations concerning 
the type of material to he handled by the: fun. 
6.6 Fan ratings and maximum speed limit~ are typically based 
on the u~e of air at 70"F. At tempc:ratures above: the nurm<ll range: 
(spc:ciried by the manufacturc:r). a reduction should be made in the 
maximum speed limit. Information on this reduction and on other 
precautions to be: taken for high tempc:rature applications should bc: 
obtained from the: fan manufacturer. Personnel working near high 
temperature fans should be aware that coming in contact with the 
fan's housing, ductwork, or handled guses could result in serious 
burn~. Where the danger of burns is not apparent, appropriate warn
ings should be posted. Appropriate protective apparc:l should be 
worn whenever working in close contact with heated housings or 
ductwork. 
6. 7 Corrosive contaminants can be fnrm.:d when moisture com· 
bines with an active airborne chemical. Funs subjected to corrosive 
contaminants will c;orrode; however, ~uitabh: protective coating~ or 
material, if used in the fan construction, can delay corrosion. Pro
tected funs should be regularly inspected to ensure that the protec
tion remains effective. Personnc:l working in environmc:nts with 
airborne chemicals may require personal protective apparel equip
ment. 
h.!l Where liquid can occumulate within the fan, provide for the 
installation of adequately sized drains. 
6.9 In those <tpplicatiuns where there i~ a potential for chemical 
build-up (such ah grease, creosote, c:tc.), periodic clc:uning und 
proper drainage are nc:cc:ssary to avoid a fire hazard. 

7. WARNING SIGNS 
7.1GENERAL 
7 .I. I A change in the operating characteristics of a fan muy indi
cate the need for maintenance. Sudden changes may indicate severe 
problems or dangc:rous conditions developing. Investigate any 
cho.nges in the operational characteristics or unusual syr.1ptoms of 
the fan. Refer to AMCA Publication 202, Trol!bleshooting, for a 
more detailed explanation of inveMigating procedures. Consult your 
manufacturer or other qualified consultant with questions concern
ing changes observed. 

7.2 EXCESSIVEVIBRAnON 
7.2.1 Operational vibration levels are one of the best indicators of 
the condition of the blower. Careful observation and monitoring of 
vibration levels can detect u minor problem in the early stages of de
velopment when correction is less costly and easier. Recommended 
maximum vibration levels should be obtained from the equipment 
manufacturer. 
7.2.2 If excessive vibration is observed, stop the fan and lock it out 
until the cause is corrected. Check for material build-up on the im
peller. Generally this will show up as material tlaking off the fan im
peller and causing an imbalance which may lead to catastrophic 
failure of the fan or its components. Excessive vibration can also be 
caused by looseness in the drive train, loose fasteners, misalignment 
or impeller damage. Contact the fan manufacturer or other qualified 
consultant to determine the mux1mum vibr.llion level if it is not in
cluded in maintenance instructions. 

7.3 NOISE 
7 .3.1 Changes to the sound level may indicate maintenance is 
needed. Some unusual noises often heard include: bearing noise in
dicating the bearings need lubricant or replacement; scraping or 
ticking noise indicating the rotating parts are hitting the stationary 
.,arts; squealing indicating the belt drive needs tensioning; repeated 
changing pitch of the blower indicating operation of the blower at 
too low a flow. If any of these noises or any other unusual noises 
are detected, their cause should be determined and corrective ac
tion taken as necessary. 
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7.4 HIGH MOTOR TEMPERATURES 
7.4.1 Chc:ck that cooling air to the motor ha~ not b.: en dive• ted or 
blocked by dirty guards or similar obstucles. Ch.:ck the input <tmp.:r
uge. An increase in amperage may 111dicate I hill snme m;tjor change 
has occurred in the system. 

7.5 HIGH BEARING TEMPERATURES 
7.5.1 This condition is usually caus..:d by improper lubrication; this 
can b.: either "over." "under." or "unsuitable" lubrication. In ev.:ry 
case, if the: cause of the trouble is nul .:asily scc:n. experienced per· 
sonnel should examine the .:quipm.:nt befon: it is put back in opera
lion. 

7.6 POOR PERFORMANCE 
7.6.1 Too much flow or presl>urt: or ton httle flow nr pressuro: is 
often a symptom of a change in th.: opera ling ~y~tem. A f;m will typi
cally operate at the same p.:rformance in a static systc:m. Some typi
cal causes include: operating of the fun backwards after muintc:nance 
procedures; filters dirty or not in place; change ur blockage in the 
ductwork; change in speed of the fan (switching th.: sheaves); loss or 
failure of the impeller. All of thc:~e causes and many uthc:rs will af
fect the flow and pressure produced by the fan. 

8. ROUTINE MAINTENANCE 
8.1 A preventive maintenance program is an important aspect of 
an effective safety program. C•msult your manufacturer or uther 
qualified consultant with tjUestinns conet:rning dmnges observed 
during periodic inspections and routine maintenance. 
R.2 The fun manufactun:r's operating and maintc:nance recom
mendations, as w.:ll as the cumpunc:nts manufacturer's instructiuns 
(such as motor, bearing, drivc:s, etc.) should be strictly followed. 
8.3 Mainlelllml'e should alway.\ be performed by experienced and 
trctined personnel who are a wan• of the fluzurds u.,·soctutecl with rorut
ing equipment. Do not attempt any maintenance on a fan unless the 
fan P'·;wer supply hm; been lt:c:;ed :>ut and tagged o•.:! and th:: impel
ler has been secured. 
8.4 When performing maintenance functions which mclul.le dis-
assembly of the fan, car~ful consideration should he given tn the 
size, weight, center of gravity, and lifting means of the fan compo
nents. It should also be noted that the outhnard bearing on some 
fans such as arrangement~ 1,1!, 9, and 10 is often cap-loaded. Re
moval of the securing means may result in a sudden change in impel· 
ler position. 
8.5 Historical data is often the hest indicator fur determining 
the operational condition of the fan. Muintenanct: logs which mclude 
relubrication, vibration levels, temperature levels, power require· 
ments, inspections, and other pertinent records ~hould be main
tained and consulted as necessary when assessing the condition of 
the fan. 
8.6 Under normal circumstances, handling clean air. the syRtem 
should require cleaning only once a year. However. the fun and sys· 
tern should be checked at regular intervals to detect any unusual ac
cumulation. 
8.7 The fan impeller should be specially checked for build-up of 
material or dirt which may cause an imbalance with resulting undue 
wear on bearings and belt drives. A regular maintenance program 
should be established as needed to prevent material build-up. 
8.8 Periodic inspection of the rotating aRsembly should be made 
to detect any indication of weakening of the rotor because of corro
sion, erosion, or metal fatigue. Where ~igns of deterioration arc: 
found. lock out and tag out the impeller until the unit has been in
spected and approved by a qualified consultant. 
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AMERICAN STAINLESS PUMPS 
Stainless Steel Pumps for the Commercial Marketplace 

ln·stallation Operation & Maintenance Instructions 

Model S·SP & SSPC 
Description and Specifications: The Model SSP is a close coupled, end suction, single stage, open-impeller •. 
back-pullout centrifugal pump. The model SSPC is the ~nclosed impeller version of the same pump. Connections are 
NPT threaded. All wetted metal pump parts are 18-8, 304SS, or better. Most parts are formed .from stainless steel 
sheet. 0-rings and elastomeric seal parts are Buna (Viton, EPA are optional). Motors are NEMA 56J frame, with a C· 
Face mounting flange and a threaded shaft. All pumps use a mechanical seal to ·prevent leakage around the motor 
shaft. 

Operating limits: The models SSP & SSPC are designed for 75-PSIG operating pressure at 212 deg. F., with the 
standard Type-6, carbon vs. ceramic with bun a-n elastomers mechanical seal, and a maximum temperature limit of 250 
deg. F., with a Type-21 IT!echanical seal with viton elastomers. The motor is limited to 20 starts per hc;>ur, evenly 
distributed. 

Notice: Upon receipt of this equipment, inspect the carton and the equipment for any dam
ages that might have· occurred during shipment and notify the carrier immediately. Damage 
that occurs during shipment is nofthe responsibility of American Stainless Pumps. Failure to notifY the carrier will place 
responsibility' on the purchaser for any repairs or damages occurring during shipment. 

Safety Instructions: To avoid serious or fatal injury and/or property damage, read and follow 
all instructions in this. manual. Reylew all instructions and warnings included in this manual 
before attempting any work on this pump or pump/motor assembly. Do not remove or alter 
any decals. 

The motor used to drive this pump is an electrica' device connected to a potentially lethal 
voltage power source. Take all precautions required when wprking with or on the motor 
and its power source, including but not limited to: 

1. Always disconnect and lockout the electrical power source before attempting any connection, maintenance or 
repairs. Failure to do so can cause electrical shocks, bums and death. 

2. Install, ground and wire motors in accordance with all local and national electrical codes. 
3. Install an all leg disconnect switch near the motor for quick access. 
4. The electrical supply must match the motor nameplate ·specifications and the motor must be wired per the 

wiring diagram on the motor to match the selected voltage. Incorrect wiring can cause fire and motor 
damage and will void the warranty. 

5. Most single-phase motors and some three phase motors will have automatic thermal protection switches 
wired in the motor. These sWitches will open and stop the motor if the motor overheats. As the motor 
cools, these switches will close and start the motor automatically and unexpectedly. 

6. Motors which do not have therrrfal overloads must have a property Sized contractor· or magnetic starters and 
overload switches (or fuses} in the starter panel. Three phase motors require all leg proteCtion. 

7. Use ohly stranded capper wire to motor and ground. Wire size must limit the maximum voltage drop to 10o/o 
of the·motornameplate voltage at the mOtor terminals~ 

8. Three phase motors can rotate in either direction. The pump will operate properly only in one direction 
(clockwise when looking from the motor end, counterclockwise when viewed from thE:rpump end). Operat
Ing the pump In the reverse rotation may damage or destroy the pump and motor and voids the 
warranty . 

www.aspumps.com 14032 S. Avalon Blvd. Los Angeles, CA 90061 

Phone: (310) 63o-8089 Fax: {310) 630-8095 
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/15? AMERICAN STAINLESS PUMPS 
Stainless Steel Pumps for the Commercial Marketplace 

Installation: 
Units may be Installed horizontally, at an angle or vertically with the motor on top. Do not mount the motor below 
the pump as leakage from the pump will damage the motor and can cause a shock, burns or 
death. 

0 Locate the pump as near to the liquid source as possible. The pump must be primed with liUle or no air in the case 
to begin operation. The pump must be located below the liquid level when starting. This pump is not self-priming. 

0 Protect the pump and motor from freezing. Although the pump may survive a freeze up, the mechanical seal and 
0-Rings may not. 

0 Allow adequate space around the unit for service and ventilation. 
0 Units mounted horizontally should be located on a flat, rigid surface. Unit may be free standing, but some vibrations 

may occur. If attached to a foundation, tighten hold down bolts before connecting the piping. 

Piping: 
0 All piping must be independently supported. No piping loads may be carried by the pump. 
0 Piping should be the same size or larger than the pump connections. 
0 Proper Piping to the suction is critical for proper pump operation. Suction pipe should be short and direct, with a 

minimum of fittings and turns. 
0 Suction pipe must continuously rise to the pump to avoid air pockets. All pipe connections must be airtight. 
0 If suction pipe is larger than the pump, an eccentric reducer must be used with the straight side on top to avoid 

an air pocket. 
0 If suction of pump is above the liquid source level, a foot valve or other isolation valve will be needed to prime the 

pump. A continuous stream of liquid must be made available for the pump suction to hold its prime. 
0 Do not use any suction valve for throttling the pump. This will cause loss of prime and damage to the pump that 

is not covered by warranty. 
0 Be sure that the source liquid level is sufficient to prevent vortices from drawing air into the pump. 
0 Install a valve on the discharge line for use in regulating the pump flow and for isolating the pump during 

maintenance and inspection. 

Rotation: 
The models SSP & SSPC will operate properly only in one direction (clockwise when looking from the motor end, 
counterclockwise when viewed from the pump end). Operating the pump in the reverse rotation may 
cause the Impeller to unscrew, breaking the shaft, damaging the pump and/or the motor, 
and voids the warranty. Three phase motors can rotate in either direction. Single phase motors normally only 
rotate In the proper direction. 
To check rotation. you must observe the motor shaft from the back of the motor. 

1. Remove the end cover from the center of the back of the motor by prying off the cap. You do not need to 
remove any screws on most motors. 

2. Quickly switch on and off the motor and watch the shaft rotation as it slows down. Motor shaft should be 
turning In the clockwise direction when viewed from the back of the motor. 

3. If your three-phase motor is turning in the wrong direction, have a qualified electrician interchange 
two of the three motor power wires. This should reverse the rotation. If a single-phase motor is 
turning in the wrong direction, It has been wired wrong Internally. Consult the motor manufacturer or 
American Stainless Pumps for instructions. 

4. Check the rotation again, if i1 is correct, replace the end cover cap. 

Operation: 
[;zl Pump must be completely primed before starting. Air in the suction lines or case must be vented. 
[;zl Model SSPC Only: If the pump case Is rotated so that the discharge nozzle is not vertical, an air pocket may form 

in the case that will prevent the pump from operating properly. Loosen the case bolts until this air is removed for 
proper operation. Be sure to retighten the bolts before operating the pump. 

• 

• 

0 Do not operate the pump at or near zero flow. At zero flow, heat will build up in the pump and can cause 
extreme damage to the pump, property damage and/or possible injury to operating personal. Minimum flows of 
10% of the pumps best efficiency point are recommended unless otherwise authorized by ASP. 

0 Do not operate the pump beyond the flow rates shown on published curves. Noisy pumps or the sounds of • 
"pumping rocks" may be signs of cavitation or operation beyond the pumps capacity. 
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Openition Continued: 
GZJ Check PUIT!P and .motor for vibration. Vibration may be.a sign of pipe strain, insufficient mounting or operation 

beyc:ind the pumps capacity. 
GZJ The pump models SSP & SSPC .are not design~d for handling large amounts of solids. For the model SSP, 

Spherical solids size should not exc~ed the .vane height of the impeller, less 0.060''. For the model SSPC, solid 
sizes must be smaller than the impeller vane family expressed in thousandths of an inch, less 0.140". 

Maintenance: 
There is no scheduled maintenance required. Close-coupled pumps have no bearings. Bearings in the motors are 
permanently grease lubricated and cannot be re-greased. Mechanical seals will need to be replaced when leaking. 
0-Rings may harden with age and may need to be replaced when they leak. 

Motor Bearings and Pump Thrust: Model SSP Only 
Open impellers generate significantly more thrust than do enclosed impellers. The Model SSP with a 4.38" diameter 
impeller operating at 20 psig generates about 150 pounds of thrust. This thrust load is carried by the motor bearing. 
The standard jet pump motor and the standard SSP motor uses as a front and rear bearing a size 203 grease lubricated 
bearing. This bearing has a 810 rated life of approximately 6,000 hours when operated with a thrust load of .150 pounds 
at 3500 RPM. This riding means that 10% of all bearings operated in this condition will fail within 6,000 hours of opera
tion. The average bearing life will be 3 tb4 times this 6,000 hours. 
Pumps and motors which operate intermittently, or only operate 40 hours per week, will usually have acceptable bearing 
lives with the standard jet pump motor bearing. Pumps that operate continuously, 24 hours per day, will have about 10% 
o( their thrust bearings fail in the first year of operation. 
For service appllc.atlons that are critical, for Installations that are difficult to access, or for pumps operating at 
differential pressures above 25 pslg, American Stainless Pumps recommends that motors with a larger thrust 
bearings· and higher load ratings be used. Consult factory for pricing and details. 

Disassembly: 
Disconnect and lockout the electrical power before attempting any disassembly. Casing 
may contain hazardous fluids. Drain and flush and take necessary precautions. 
It is not necessary to remove piping from the case to disassemble. Pump is a back pullout design and unless casing 
ne.eds'to be repairecj or replaced, it can stay in place during s~rvicing. 

GZJ See page 7 for model SSP, and page 8 for model SSPC cross sectional drawings. 
1. Close all valves and drain pump and pipes and flush if necessary. 
2. Remove any mo~or hold down bolts. 
3. Rem~:we the eight (S) case. bolts (Item 7CS) with a 3/16" allen wrench. 
4. Pull the motor and pump internals back out of the case. The baseplate (Item 800) will slip off when the bottom 

two case bolts are removed and can be left with the pump case. Remove. the case o-ring (item 500) and 
inspect for qamage or hardness. 

5. If the l!lotor is a three ph~se motor, a locking mechanism (item 7SC) is used to prevent the impeller (item 
200) ,from unthreading if started in the wrong direction. If motor horsepower is tess than 1 HP, the starting 
torque Is relatively weak. ASP.uses a locking compound to prevent the impeller from .unthreading at start
up. If the motor horsepower is equal to or greater than 1.0 HP, ASP will provide a left hand threaded, button 
head locking .screw with an impeller washer to prevent unthreading. The locking screw (item 7SC) is 
installed with removable Loctite to prevent it from coming out when operating in the correct rotation. Remove 
this·locking screw by turning it clockwise while holding the impeller against rotation. 

6. Remove the impeller (item 200) by turning the impeller counterclockwise (when looking at the impeller from 
the pump end) while holding the motor shaft. It will be necessary to remove the motor shaft cover plate in the 
center .of the rear of the motor to get access to the ~haft. Using a screwdriver, wrench or vise grips as· 
needed, hold ·the shaft tightly against rotation w,hile turning the impell~r. Do apply any heat to the 
components. If you are unable to hold the shaft in this manner, remove the rea( motor housing and grip the 
motor shaft with vise grips or other similar device (do not hold shaft where bearings will mount). 

7. Model SSP Only: There sh9ul(j be sever<lt spacing washers behind the Impeller. These spacers locate the 
open impeller vanes ~lose to the case for efficient operation. Measure the thickness of this stack of spacers 
for future reference. R~mo~e them from the shaft but do not lose these washers. You will need them for 
reassembly. 
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Disassembly continued ••• 
8. Remove the rotating element of the mechanical shaft seal (item 300). This element is held in place by the 

9. 

impeller only. If the rotating element does not come off easily, It is stuck to the shaft. Pry up the seal plate 
(Item 400) with screwdrivers or pry bars. The seal plate should compress the seal spring and force the seal 
off the shaft. If seal is stuck, and you must pry with force, do not pry towards your face or body. The seal 
and seal plate can come free unexpectedly and injure you. 

If the seal plate (Item 400) did not come off with the seal, remove it now. If you plan to replace the stationary 
seat, you will need to press it out from the back. Do not push with your finger, as you will probably cut it on 
the edges of the seal plate when the seal pushes out. 

10. If you plan to replace the motor, remove the four motor adapter bolts (Item 7MB) with a 7/32" allen wrench and 
remove the motor adapter plate (Item 600). If you are not replacing the motor, leave the adapter plate In 
place. 

11. If the motor comes with a deflector, the deflector should go outside of the motor adapter plate and must be 
removed if the adapter plate is to be removed. 

12. Check the suction o-ring (item 510) in the case suction nozzle. It may be difficult to remove. Use a sharp 
pointed awl or similar device to pry the o-ring from the groove. Replace if damaged, swollen, fretted, or just 
worn out. 

Assembly or Reassembly: SSP & SSPC 
121 See page xxx for model SSP, and page xxx for model SSPC cross sectional drawings. 
121 Assembly of the pump and motor is easier when the motor is standing face up so that parts do not fall off. 

although access to the motor shaft at the rear of the motor will require a horizontal position. 
121 It is considered good practice to replace the mechanical seal whenever you have to disassemble the pump. 
1. If replacing the motor, remove the deflector from the motor shaft. There may not be enough room behind the 

motor adapter plate for the deflector to spin freely. 
2. Install the motor adapter plate (Item 600) with the four motor bolts (Item 7MB) using a 7/32" allen wrench. You 

must use the low profile button head socket screws that came with the pump or other low profile head bolts. 

• 

There is not enough room for a standard cap head screw/bolt. Tighten the bolts. Install the deflector now. • 
3. Install the mechanical seal stationary seat into the Seal Plate (Item 400) by putting a suitable lubricant on the 

cup seat and gently pressing into the seal plate bore. Do not get any lubricant on the seal faces. Use 
the foam sheet from the seal box to protect the seal face from dirt and scratches while pressing Into the 
seal plate. Place the seal plate onto the motor adapter plate. 

4. Lubricate the sealing elastomers on the rotating assembly of the mechanical seal and press gently onto the 
shaft. You may have to hold the seal in place until the impeller is installed. 

5. Model SSP Only: Place the necessary number and thickness of impeller spacer/washers onto the threaded 
portion of the shaft. If you are not changing the impeller or the motor, use the same batch of spacer/ 
washers you removed. See the section on Setting Impeller Clearance for procedures if you have changed 
the impeller to case setting. 

6. (If motor is threErphase, read section 7 below for Loctite instructions, then continue reading here) Thread the 
impeller onto the pump shaft. Be sure the impeller hub is tight against the spacer/washers that are tight 
against the shoulder of the motor shaft. If you leave the impeller loose, when the motor starts up, the 
impeller will tighten up on the shaft so tightly that you may not be able to remove it later. You will need to 
hold the motor shaft from the rear of the motor with a large screwdriver, wrench or vise grips while tightening 
the impeller. 

7. If motor is three-phase, and wiring has been reconnected, rotation may have changed. To protect against rotation 
in the wrong direction at start up, reinstall the left hand threaded impeller locking screw and washer (item 7SC), 
or for motor horsepowers less than 1 HP, Install the impeller with a locking compound such as Loctite. 

8. Install the case o-ring (item 500). Replace if brittle. damaged or misshapen. 
9. Model SSPC Only: Install the suction a-ring (item 510). Replace If brittle, damaged or misshapen. 
10. Model SSPC Only: Join up the back pull out assembly with the case. Do not force the pump into the case. 

The suction 0-rlng (item 51 0) can be pinched when installing. You may have to back out the pump from the 
case, center up the 0-ring with your finger and slip In the pump assembly again. Before installing the case 
bolts, check to be sure the impeller Is spinning freely. 

11. Model SSP Only: Join up the back pull out assembly with the case. Install the (8) case bolts (Item 7CS). 
leaving the bottom two bolts loose for attaching the base (not necessary with footed motors). Slip the 
baseplate under the bottom two bolts. Tighten the case bolts while holding the baseplate In place. • 

12. Model SSP Only: Check the impeller to case clearance per the following Instructions and adjust as needed. 
13. Install and tighten the motor base hold down bolts. 
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Setting Impeller Clearance: Model SSP Only 
GZJ See SSP Performance Notes for impeller shimming discussion. 
GZJ Properly setting the impeller to case clearance is the most critical factor in determining the SSP's perfor

mance. You will get maximum performance and efficiency (and maximum amp draw) with near to zero clearance. 
Factory standard clearance is 8 to 12 mil. Spacer/Washers to adjust clearances are available in 10 mil and 15-mil 
thickness. 

GZJ You can have more or less than normal flow and head by changing the clearance. To increase clearance, remove 
impeller spacer/washers. To decrease clearance, add impeller spacer/washers. Be aware that If you set the 
Impeller at near to zero clearance, and operate near maximum flow rates, you may overload the standard 
motor. Also be aware that Impeller clearances near zero greatly increase the risk of the impeller grinding 
against the casing. 

GZJ Standard factory settings for spacers are 30 to 90 mils of spacer/washers to obtain 1 0-mil clearance. Since the 
tolerances of the motor shaft and pump parts can stack up, some pumps may need more or less than this standard. 
Some special OEM assemblies will not have any spacers when the customer elects to accept reduced performance 
in return for ease of assembly. 

GZJ American Stainless Pumps provides special feeler gauges for impeller shimming. Cali and order our feeler gauge set, 
part number 1<200. Our standard shim pack set is also available. It contains ten each of the 0.01 0" and 0.015" shims. 

Use the following impeller shimming method when building a new pump: 
GZJ American Stainless Pumps provides special feeler gauges for impeller shimming. Cali and order our feeler gauge set, 

part number K200. Our standard shim pack set is also available. It contains ten each of the 0.01 0" and 0.015" shims. 
Use part number 200115. 

1. Place the pump (as assembled through step 4 on page 47) on the workbench, positioned vertically. 
2. Place 0.050" shims onto the motor shaft (two O.D15" shims and two O.D10" shims). 
3. Thread the impeller onto the shaft, compressing the seal and shims. You will need to hold the motor shaft from the 

rear of the motor with a large screwdriver, wrench or vise grips while tightening the impeller . 
4. Place case a-ring (item 500) onto seal plate. Make sure o-ring is laying flat against the seal plate flange. 
5. Place case onto pump assembly, and install case screws (item 7CS). lighten case screws in a cross-bolting 

fashion. 
6. Rotate the impeller from the back of the motor, or with your finger through the suction or discharge nozzles. Listen 

and feel for any scraping noises from the impeller hitting the casing. If a scraping noise is heard, remove the 
case and impeller, and then remove either one 10 or one 15 mil shim. Repeat step 5 & 6. If no noise is heard, 
proceed to step 7. 

7. Use the pink feeler gauge (0.015"), and slide it in between the impeller and the casing through the discharge nozzle. 
If the pink feeler gauge does not fit, go back to step 6 and remove shims as necessary to make pink gauge 
slide in between impeller and casing. When done correctly, the feeler gauge will become visible through the 
suction nozzle. Continue pushing the feeler gauge into the casing until it is all the way in, and centered across 
the face of the impeller. Rotate the feeler gauge using a pair of needle nose pliers, and feel for tight spots. If 
gauge encounters only a slight pinching resistance, you probably have a good impeller clearance. Remove the 
pink feeler gauge, and check to see that the brown feeler gauge (0.01 0") does not bind when used in the same 
way. If it does not, go to step 9. If it does, remove 0.010 mils of shims from behind impeller and repeat step 7. 
If the pink feeler gauge is free to rotate 360 degrees across the face of the Impeller without binding or resis
tance, go to step 8. 

8. If the pink gauge is capable of rotating 360 degrees without binding, then there Is a greater impeller/casing clear
ance than 0.015". Determine this clearance by repeating step 7 with the thicker gauges. Yellow=0.020", 
White=0.025", Orange=0.030". If clearance is larger than 0.030", stack the various gauge thickness and repeat 
procedure until clearance is known. When clearance is determined, add shims behind the impeller to close 
clearance as desired. Repeat step 7. 

9. Proper clearance has been established. Return to step 5 on the previous page . 
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Model SSP Impeller Shimming Method for Replacement Impellers • 

When replacing impellers in .a model. SSP open impeller pump, the following worksheet will provide a 
relatively quick method for· maintaining the pro·per impeller/casing clearance. You may also want to read 
the previous pag~fbr an overview of the impeller shimrriin~ procedure. 

REPLACEMENT IMPELLER SHIMMING PROCEDURE 

Old Impeller 

Dl------~ 

1. Measure 01, X1, 02, & X2. (Measure X1 & 
X2 as accurately a·s possible) 

01= ____ X1= ____ D2= ____ X4=----

2. Determin K-1 & K2. 

. lrT)peller K 
Diomerer D 

3-3/4 -0.033 
4-3/8 0.0 
5-1/4 0.046 

K1= ____ K2= __ 

New Impeller 

3. Calculate Hl & H2 
Hl =Xl+(Kl) H2=X2+(K2) 

H1 =---- H2=----

4. Calculate S. 
S=H1-H2 

Round S l.o the nearest 0.005 increment. 

If S>O, then odd shims equal to S. 
If S<O. subtract s!'lims equal to S. 

STANDARD TOU:RANCES 

o.x '±0.01 
o.xx ±0.005 
o.xxx ±0 002 
o.xxxx ±0.0005 

2 
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SSP (Open Impeller) Cross Sectional Drawing 

Item No. Part Description Standard Materials 
100 Casing 304SS 
200 Impeller (Open) 304-SS 

300 Mechanical Seal - Type 6 (std.) Car/Cer/Buna N/316 SS 
(Other seal tYpes aVailable) (Other materials avaUable) 

400 Seal Plate 304-SS 

500 Casing 0-Ring BunaN 
(olher materials avaDable) 

600 Motor Adapter Plate 304SS 
7CS Casing Screw -1/4-20-(3/16 Allen) Nickle Plated Steel 
7DP. Drain Plug - 1/8" NPT 304.SS 
7MB Motor Bolt- 3/8-16 (7/32 Allen) 304SS 

7SC Impeller Screw - 1 0-32LH (1/8 Allen) 3o4SS 
(Standard on 3-Al motors 1-hp or larger) 

800 Pump Base_ (not suppfied w llh footed motors) 304SS 
(not shown) 
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SSPC (Enclosed Impeller) Cross Sectional Drawing 

ham ~~scription Standard Materials 
100 304SS 
200 ller (Enclosed) 304SS 
300 "cal Seal- Type 6 (std.) CarJCer/Buna I\V316 SS 

seal types avsilalle) (Oher rrater1a1s availal:ie) 
400 Seal Plate 304SS 

500 Cash·-g 0-Rirg BunaN 
(Oher rrater1a1s avsilalle) 

510 Impeller 0-Rirg BunaN 
(Oher rrater1a1s avsilalle) 

600 Motor Adapter Plate 304SS 
7CS Casing Screw-1/4-20 (3116 Allen) Nckle Plated Steel 
7DP [)-ain Plug - 1/8' NPT 304SS 
7MB Motor Bolt - 318-16 (7132 Allen) 304SS 

7SC Impeller Screw- 1Q..32LH (1/8 Allen) 304SS 
(Standard on 3-Fh IT'!Xtts 1-hp or largEr') 

800 Pufrl3 Base (not~ with f~ ITOta's) 304SS 
(notshoNn) 
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'Soil and Groundwater Remediation Equipment 

Section 3- Instrumentation 

• 

• 

• -Dwyer Series 2000 Differential Pressure Gauge Specifications - lnstaflation & 
Operating-Instructions 

• Dwyer Series 605 Magnehelic Differential Pressure Indicating Transmitter 
Specifications- Installation & Operating Instructions 

• Dwyer Serie~ 1950 Differential Pressure Switch Specifications- Installation & 
Operatin-g Instructions 

• Air Stripper Sump Float Level Switch Specifications 



Maunehelic® DiHerential Pressure Gages 
Indicate positive, negative or differential. Accurate within 2%. 

L 112 
(12.701 

Standard Magnehlllic" Pressure Gage has a 
largo, aasy·ll:H'IIad 4' dial. 

Dlmensfons. Standard Series 2000 Magnehllllr:" Pressun> Gages. 
(Slightly dilfetent on modium and high PfllS$Ura modal$) 

Select the Dwyer Magnehellc" gage for high accuracy- guaranteed within 2% 
of full seale- and for the wide choiee of 81 models avnilllble to suit your needs 
pt-ecisely. Using Dwyer's simple, frictionless Magnehelic" movement, it quickly 
indicates low air o1· norH:Orrosive gas pressw-es - either positive, negative 
(vacuum) or differential. The design resists shock, vibration and over-pres-
8Ul-es. No manometer fluid to evapo1-ate, f1-eeze or cause toxic or leveling 
problems. It's inexpensive, too. 
The Magnehelic'" is the industry standard to measut-e ran and blowe1· 
pressw-es, fUter resistance, air velocity, furnace draft, pressure drop across 
orifice pllltes, liquid levels with bubbler systems and pressw-es in fluid am
plifier or nuldie systems. It alBO eheeks gas-air ratio controls and auromatic 
valves, and monitors blood and respiratory pressures In medical care equip
ment. 
NOTE: Do Not WI& with B1drosw JilL Ila.uglll'oll81"8aettools will OClCilr. 

MOUNTING. A Slngle ease 
~Is used for most models of 
Magnehellc" gages. They can 
be flush or surfat:e mounted 
with standard hardware SUP· 
plied. With the optional A-610 

·~ :.· -~· : • ... : • 
; ~·,;. ~~~ 
' ~i~." .~" ..... '' 

, ...... 
FIU$11 .MSUiface...or Pipe Mounted 

Pipe Mounting Kit they may be conveniently Installed on hoJ1Zonlal or vertlcal1K' • 
2' plpe. Although calibrated lor vertical poslllon, many ranges above 1' may be 
used at any angte by slmply re-zerolng. However, tor maK!mum accuracy, they ml!St 
be callbraled In ltle same position In which they are used. These charactenstics 
make Mafllehellc" gages Ideal for both stallonary and portable appncauons. A4"•' 
hole is required for ftush panel mounting. Complete mounting and conneclion fit
lings plus instructions are liJmished with eadllnstrumenl 

VENT VALVES 
tn appfJcatlons vmsre pressure is continuous and the Magne
hetlc" gage is connected by metal or plasllc tubing vmJCh 
cannot be easily removed, we SUggest using Dwyer A·310A 
ven1 valves to connect gage. Pressure can than be removed 
to Check or re-zero tile gage. 

HIGH AND MEDIUM PRESSURE MODELS 
lnstallallon is similar to standarcl gages excepl that a 4 %' hOle 
lsneededforflushmounllng. The medium pressure construe· 
lion Is rated for internal pressures up to 35 psig and the ligh 
pressure up to so pslg. Available lor all models. Because of 
larger case. the medium pteSsure and high pressure model! 
will not fit in a portable ease size. Weight 1lb., 10 oz. !nstaJte. 
lion of the A-321 safety relief V!liVe on standarcl Magnehellc" 
gages often provides adeQuate protection agalnsllnfn!quent 
overpressure. 

{!) ... 
~~~-·-
\' 

<& 

Adjustable signal flag 
Integral ..Un plaslic gage CC¥er. Avaiable IOIITIO$l mod· 
els Gl<C&JlllhOse with medium or high prossure con· 
stRJCtion, can be ordered ..Uh gage or separate, 

LED setpolnt Indicator 
Bright red LEO on nghl ol scale showS when SSij)Ojnlos 
reached. Field ~from gage lace. unit operetes 
on 12-24 voc. Requites MP or HP styta cover al'ld 
bezel. 

AJr filler gage accessory package 
Adapts Mf standatd Magnehelic" for use as an air fiber 
gage, Includes 81umrun !llJiface mounting bl3ckel wrtn 
wsws. two s 11. o.s m1 lengths or n· aJumi1um tubing 
1wo Sialic l)f6SSIJfll lips and two molded ptasllc 11111\t 
valva, integral compression fillings on bOin tips ond 
valves. 

6 Dwyer Instruments. lncJI>.O. Box 37!1/MII:hlvan Cily, Indiana 46381/Phone 219 879-8001llfax 219 872-9GS7 • UJC. PIHloe (01494)-461707 • Australia Phoml (02) 9756-5355 
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Quality design and construction leatures 
Bezel provides flange for flUSh mounting in -----
panel. 

Clear plastic face is highly resistant to 
breakage. Provides undistorted viewing of 
pointer and scale. 

Precision litho-printed scale is accurate 
and easy to read. 

Red tipped pointer of heal treated aluminum 
tubing is easy to see. It Is rigidly mOUI11ed on 
the helix shalt. 

Pointer stops of molded rubber prevent pointer ----L 
over-trawl withOut damage. 

"Wishbone" assembly provides mounting lor 
llelix, lleHx bearings and pointer sllaft. 

Jeweled bearings are sllock-resistant mounted; 
provide virtually trtctfon-lree motion tor helix. 
Motion damped Wllll higll VIscosity silicone 
fluid. 

Zero adjustment screw Is conveniently 
located In tile plastic cover, and is accessible 
wltlloul remO\IIng cover. 0-rlng seal prOIIides 
pressure tightness. 

Helix Is precision made from an alloy of high magnetic permeability. Mounted In jeweled 
bearings, It turns freely, following tile magnetic flelll to move the pointer across tile scale. 

SERIES 2000 MAGNEHEUCe- MODELS AND RANGES 
STOCKED MODELS in bold 

The models below will fulfill most requu-ements. Page 6 also shows examples of spe
cial models buill for OEM customers. For special scales furnished in ounces pet· 
squru-e inch, inches of mercury, melric units, etc., conta.et the factory. 

Range 
Dual 5ea!8 Alr Vetoclly Unlls Zen! 

Range Center 
Model Inches 

J'l~'Wr 
Inches of Model Ranoa In W.C.I 

Number of Water Water Number Vatoclly, F.P.M. 

2000·00t G-.25 23011-01 .25-0-.25 2000·00AV (). .25130()-2000 
2000-Dt 0·.50 2301 .5·0·.5 2liOII·OAV (). .50150().2800 
2001 G-1.0 2302 Hl-1 2001AV G-I.Q/500-4000 
2002 D-2.0 2304 2-0-2 :W02AV G-2.0/IOD0-5600 
2003 ll-3.0 2310 5-G-5 2010AV G-10/200G-12500 
2004 o-4.0 23211 1().()-10 For use wllh pilot tube. 
2005 0-5.0 2330 15-0-15 
2008 o-6.0 Model Range Modal Range 
2008 D-8.0 Number PSI Number MM o1Wa18r 2010 D-10 
2016 G-15 2201 IH 2000·6MMt D-6 2020 G-20 2202 0-2 20011·10MM ().10 
2025 ().25 2203 ().3 2000·25MM G-25 2030 0-30 2204 11-4 2ll01l-50MM ().50 
2040 o-.10 2205 ().5 20DIHIOMM 0-80 

2210' G-10 2000·1110MM ().100 2llli0 ()-6() 112215' ().15 
2220" G-20 

2100 D-100 zzao·· G-30 
Zero Cen!er Ranges 

2150 ().150 

:~== 230G-20MMt I 1o-o-1o 1 
Accessories Orulon&- loonier, add su!llr.I.E.%001-ASF 
A-310A, 3-Way Vent valve-··--··--.. ·· A F (AdJustable Signal Flagl 
A-321, Safety Reller val~ ......... -··----·- HP (High Pressure Option) 
A-432, Porlable Kft _ ............... _,_ ....... LT (low Tempmtures to ·20'F) 
A-605, Air Aller KR _ .................................. MP ~eel. Pressure Option) 
A-610, Pipe Moum Kft SP ( tpolnt lndicalor 
Scala Overlay$ - Red, Green, Mirrored ar Combination. Specify Locallllns 

Model 
Number 

2000·15CM 
2000·20CM 
20D0-26CM 
200D-511CM 
20011-BOCM 
200D-1011CM 
20DO-t60CM 
2000·200CM 
200D-250CM 
2011D-3011CM 

Ole cast aluminum case is precision made 
and lrfdite·dlpped to witllstand 168 hour salt 
spray corrosion test. Extertor frnished in 
baked dal1< gray hammerlold. One case size 
Is used tor all standard pressure options, and 
lor bolll surface and flush mounting. 

rubber diaphragm with integrally 
molded 0-ring is supported by Iron! and rear 
plates. II Is lOCked and ssatad in position with 
a sealing plate and retaining ring. Diaphragm 
motion Is restricted to prevent damage dua to 
overpressures. 

'Callt~ra11ed range spring is nat spring steel. 
Small amplitude of motion assures 
consistency and long Ole. II reacts to pressure 
an diaphragm. Live length adjustable lor 
callbration. 

Samarium Cobalt magnet mounted at one 
or range spring rotates helix without me

cllanlcal Unkages. 

Dual Scale Engllsb/Metrlc Models 

N~~:~, ,Range, Range, 
la.w.c. Pa orkPa 

2000·00 o-o.s ().125 Pa 
:WOlD G-1.0 ().250 Pa 
20020 G-2.0 0-500Pa 
201130 G-3.0 0·700Pa 
20040 G-4.0 G-1.0 kPa 
20060 G-6.0 G-1.5 kPa 
20080 G-8.0 G-2.0 kPa 
20100 G-10 G-2.5 kPa 

Range, 
CMol Modal Range, 
Water Number Pascals 

0·15 2000·60 Pat ()-6() 
().20 2001l-125 Pat ().125 
().25 :WOG-250 Pa ().250 
0·50 200D-800 Pa G-500 
0·80 200D-750Pa ().750 
().11)0 

Zero Center Ranges 0·150 
D-200 230D-25DPa 12S-0-125 
D-250 230D-800Pa 250-().250 
G-300 Modtl llup, 

Zero Center Ranges Number ~Is 

230D-4CM I 2-D-2 I 2080·1 kPII ().1 

23011-tOCM 5-D-5 %000·1.511Pa G-1.5 
230G-30CM 15-0-15 20110·2 kPII G-2 

2000·3kPa G-3 
20011-4 kPa o-4 

tlbese ranges calibrated lor 2000-lkPa G-5 
vertical scale position. 200G-B kPa o-a 

2000.10 kPa G-10 
%OOD-15 kl'a IH5 

Spedal Purpau Ranges 20D0-2D kl'a G-20 
20(1().25 kPa ().25 Scale No. 2401 Scale No. 2402 200G-30kPa ().30 Square Root Blank Scale 

Specify Ranoa Specify Range Zero Cemer Ranges 
Modai2000-DO!t range ·.05to 2300·1 kPa .5-0-.5 
t.20' W.C. For room pressure t30G-3kPa 1.5-0-1.5 
monlloting 

0\-.yer tMtnnnenls, lnc./P.O. Bcu 373/Michigan City, lndillm1 46361/Phone 219 879·8000/Fax 219 872-9057 ·U.K. Phone (01494)-481707 • Auslralla Phone (02) 9756-5355 7 
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B U L L E T I N N 0 . A-27 
Magnehelic® Differential Pressure Gage 

~~~--0--P•E•R•A•T•I•N•G--IN•S•T--R•U•C•T•I•O•N•S--------------------

04-1/8 (104.78] BOLT 
CIRCLE FOR PANEL MOUNTING 

120" APART 

1/8NPTLOW 
PRESSURE 

7/16 ;i:j (11.11] 

1-11/16 
(42.86] 

SPECIFICATIONS 
Dimensions: 4-3/4" dia. x 2-3116" deep. 
Weight: I lb. 2 oz. 
Finished: Baked dark gray enamel. 
Connections: 1/8" NPT high and low pressure 

taps, duplicated, one pair side and one 
pair back. 

Accuracy: Plus or minus 2% of full scale, at 
70°F. (Modei2000-0, 3%; 2000-00, 4%). 

Pressure Rating: 15 PSI (0,35 bar) 
Ambient Temperature Range: 20° to 140°F 

(-7 to 60°C). 
Standard gage accessories include two 1/8" 

NPT plugs for duplicate pressure taps, 
two 118" NPT pipe thread to rubber tubing 
adapters, and three flush mounting 
adapters with screws. 

Caution: For use with air or compatible 
gases only. 

for repeated over-ranging or high cycle rates, 
contact factory. 

Not for use with Hydrogen gas. Dangerous 
reactions will occur. 

L 1/2 
(12.70) 

04-3/4 
t---(120.65)---t 

• 
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MAGNEHELIC1111 INSTALLATION 
1.Select a location free from excessive vi
bration and where the ambient temperature 
will not exceed 140°F. Also, avoid direct 
sunlight which accelerates discoloration of 
the clear plastic cover. Sensing lines my be 
run any necessary distance. Long tubing 
lengths will not affect accuracy but will in
crease response time slightly. Do not re
strict lines. If pulsating pressures or vibra
tion cause excessive pointer oscillation, 
consult the factory for ways to provide ad
ditional damping. 

2. All standard Magnehelic gages are cali
brated with the diaphragm vertical and 
should be used in that position for maxi
mum accuracy. If gages are to be used in 
other than vertical position. this should be 
specified on the order. Many higher range 
gages will perform within tolerance in other 
positions with only rezeroing. Low range 
Model 2000-00 and metric equivalents 
must be used in the vertical position only. 

3. Surface Mounting 

Locate mounting holes, 120° apart on a 4-
1/8" dia. circle. Use No. 6-32 machine 
screws of appropriate length. 

4. Flush Mounting 

Provide a 4-9/16" dia. opening in panel. 
Insert gage and secure in place with No. 6-
32 machine screws of appropriate length, 
with adapters, firmly secured in place. To 
mount gage on l-l/4"-2" pipe, order op
tional A-610 pipe mounting kit . 

5. To zero the gage after 
installation 
Set the indicating pointer exactly on the 
zero mark, using the external zero adjust 
screw on the cover at the bottom. Note that 
the zero check or adjustment can only be 
made with the high and low pressure taps 
both open to atmosphere. 

Operation 
Positive Pressure:Connect tubing from 
source of pressure to either of the two high 
pressure ports. Plug the port not used. Vent 
one or both low pressure ports to atmos
phere. 

Negative Pressure: Connect tubing from 
source of vacuum or negative pressure to 
either of the two low pressure ports. Plug 
the port not used. Vent one or both high 
pressure ports to atmosphere. 

Differential Pressure: Connect tubing 
from the greater of two pressure sources to 
either high pressure port and the lower to 
either low pressure port. Plug both unused 
ports. 

When one side of the gage is vented in 
dirty, dusty atmosphere, we suggest an A· 
331 Filter Vent Plug be installed in the open 
port to keep inside of gage clean . 

A. For portable use of temporary installa
tion use l/8" pipe thread to rubber tubing 
adapter and connect to source of pressure 
with rubber or Tygon tubing. 

B. For permanent installation, 1/4" O.D., or 
larger, copper or aluminum tubing is rec
ommended. See accessory bulletin S-101 
for fittings. 

Ordering Instructions: 
When corresponding with the factory re
garding Magnehelic~~~' gage problems, be 
sure to include model number, pressure 
range, and any special options. Field repair 
is not recommended; contact the factory 
for repair service. 



MAINTENANCE 
Maintenance: No lubrication or periodic 
servicing is required. Keep case exterior and 
cover clean. Occasionally disconnect pres
sure lines to vent both sides of gage to at
mosphere andre-zero. Optional vent valves, 
(bulletin S-10 1 ), should be used in perma
nent installations. 

Calibration Check: Select a second gage or 
manometer of known accuracy and in an ap
propriate range. Using short lengths of rub
ber or vinyl tubing, connect the high pres
sure side of the Magnehelic gage and the test 
gage to two legs of a tee. Very slowly apply 
pressure through the third leg. Allow a few 
seconds for pressure to equalize, fluid to 
drain, etc., and compare readings. If accu
racy unacceptable, gage may be returned to 
factory for recalibration. To calibrate in the 
field, use the following procedure. 
Calibration: 
l. With gage case, held firmly, loosen bezel, 
by turning counterclockwise. To avoid dam
age, a canvas strap wrench or similar tool 
should be used. 
2. Lift out plastic cover and "0" ring. 
3. Remove scale screws and scale assembly. 
Be careful not to damage pointer. 
4. The calibration is changed by moving the 
clamp. Loosen the clamp screw(s) and move 
slightly toward the helix if gage is reading 
high, and away if reading low. Tighten 
clamp screw and install scale assembly. 
5. Place cover and 0-ring in position. Make 
sure the hex shaft on inside of cover is prop
erly engaged in zero adjust screw. 
6. Secure cover in place by screwing bezel 
down snug. Note that the area under the 
cover is pressurized in operation and there
fore gage will leak if not properly tightened. 
7. Zero gage and compare to test instrument. 
Make further adjustments as necessary. 

@Copyright 2001 Dwyer Instruments, Inc. 

Caution: If bezel binds when installing, lu
bricate threads sparingly with light oil or 
molybdenum disulphide compound. 

Warnlnf:: Attempted field repair may void 
your warrenty. Recalibration or repair 
by the user is not recommended. For 
best results, return gage to the factory. 
Ship prepaid to: 

Dwyer Instruments, Inc. 

Attn: Repair Dept. 

102 Indiana Highway 212 

Michigan City, IN 46360 

Trouble Shooting Tips: 

•Gage won ~ indicate or is sluggish. 
1. Duplicate pressure port not plugged. 

2. Diaphragm ruptured due to overpressure. 

3. Fittings or sensing lines blocked, 
pinched, or leaking. 

4. Cover loose or "O"ring damaged, miss
ing. 

5. Pressure sensor, (static tips, Pitot tube, 
etc.) improperly located. 

6. Ambient temperature too low. For opera
tion below 20°F, order gage with low tem
perature, (LT) option. 

•Pointer stuck-gage can't be zeroed. 

l. Scale touching pointer. 

2. Spring/magnet assembly shifted and 
touching heJix. 

3. MetaUic particles clln~ng to magnet 
and Interfering with helix movement. 
4. Cover zero adjust shaft broken or not 
properly engaged in adjusting screw. 

We generally recommend that gages need
ing repair be returned to the factory. Parts 
used in various sub-assemblies vary from 
one range of gage to another. and use of in· 
correct components may cause improper 
operation. After receipt and inspection, we 
will be happy to quote repair costs before 
proceeding. 

Consult factory for assistance on unusual 
applications or conditions. 

Use with air or compatible gases only. 

Printed in U.S.A. 4/01 FR# 12-440212-00 Rev. 3 

DWYER INSTRUMENTS. INC. I Phone:.2'19/47NOOO www.dw)'er-lnst.com 
P.O. BOX 373 • MICHIGAN CITY. INDIANA 46361 U.S.A. · r=:=...c9B3 e-mail: info@dwyer-inst.Cam 
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BULLETIN E-68 

SERIES 605 MAGNEHELIC® 
DIFFERENTIAL PRESSURE INDICATING TRANSMITTER 

Specifications- Installation and Operating Instructions 

l NP.T 

The Dwyer Series 605 Magnehelic® indicating transmitter simul
taneously provides local indication on a large, easily read analog 
scale while also converting that pressure into a standard two-wire, 
4-20 rnA signal for ranges from 0-0.5 to 0-50"w.c. Positive, negative 
or differential air and compatible gas pressure can be measured 
with an accuracy of :!:: 2"A. of full scale. The basic mechanical com
ponents of the Series 605 Magnehelice indicating transmitter are 
similar to those used in the popular, time-proven Magnehelic® dif
ferential pressure gage. However, the Series 605 models add elec
trical conditioning and amplification of a resistance change 
produced by a silicon strain gage which is cemented to the range 
spring. This resistance change is the result of the slight flexing 
which results from spring deflection as pressure is applied to the 
diaphragm which is directly linked to the spring. Refer to bulletin 
E-50 for additional information on the design, operation and con
struction of the Magnehelic® indicating transmitter. 

SERIES 605 MODELS & RANGES 
MODEL NUMBER RANGE INCHES W.C. MINOR DIVS. 

605-0 0-.5 .01 
605-1 0-1.0 .02 
605-2 0-2.0 .05 
605-3 0-3.0 .10 
605-6 0-6.0 .20 
605-10 0-10 .20 
605-20 0-20 .50 
605-30 0-30 1.0 
605-50 0-50 1.0 

MODEL NUMBER RANGE PASCALS MINOR DIVS. 

605-250Pa 0-250 5 
605-500Pa 0-500 10 

MODEL NUMBER RANGE KILO PASCALS MINOR DIVS. 

605-1.5kPa 0-1.5 .05 

SOD. 
IIUIL 

5~0.0. ~ 
MCUIIITING 

RING 

SPECIFICATIONS 

GENERAL 
Maximum I'Yessure: 25 PSIG 
Media Compatibility: An & noncombustible. 

noncorrosnre gases 
ELECTRICAL 
Pawer Supply: 12.3 to 35 VDC • 

Connections: 2 screw terminal block. 
poslt1va and negatiW 

Output Signal. 4 to 20 mA DC. 
(l1m1t00 al38 rnA) 

Loop Reslstaru:e: 0 to 1135 ohms 
I\... a Vps • 12.3V 

20mA 

Warm-up Time: 5-10 Mmutes 
Cull8nt Consumption: 38 mA max. OC 

PERFORMANCE AT 
ROOM TEMPERATURE 
Zero Output: 4 mA 
Full Scale Span: 16roA 
Static Accuracy: ± 2'1'. Span 
Span & Zero: Adjustable to 0.05% 
Repeatability: 0 5"<1. Span 
Resolution: lnhMesimal 

ENVIRONMENTAL 
OperaUng 

Temperature: 20 to 120"F 
(diY811) 

Compensated 
Temperature: 30 to 12<r'f 

Thermal Errors: :o 1 %I50"F 

MECHANICAL 
Weight: 1 lb. 10 Ol 

Span & Zero 
Adjustmenls: Protected potentiom

eters. externany 
accessible. 

Pressure 
Connections: l-ft-27 NPT lemale 

STANDARD ACCESSORIES 

Mounting ring • 
Snap ring 
(4) 6-32 x 1-1/4 screws (panel mtg.) 
(3) 6-32 x 5116 screws (surface mtg.) 
(2) Tubing to 1/8" NPT adapters 
(2) 1/8" NPT plugs 
AdJUStment key 



INSTALLATION 

1. LOCATION: Select a location where the temperature of the unit 
will be between 20"F and 1 20"F. Distance from the receiver is 
limited only by total loop resistance. See "Eieclr~cal Connections." 
The tubing feed1ng pressure to the mstrument can be run praclically 
ar~y length required but long lengths will increase response time 
slightly. Avoid surfaces with excessive vibration. 

2. POSITION: All standard models are calibrated with the dia
phragm vertical and should be used in that position for maxi
mum accuracy. If your application requires mounting in other 
than a vertical position, be sure to specify this when ordering. 

3. PRESSURE CONNECTIONS: For conven1ence. two sets 
of 1/8" NPT female ports are ava1lable. Plug the unused 
set w1th p1pe plugs provided Attach tubing from positive 
pressure source lo port marked "HI'' or from negat1ve 
(Vacuum) source to port marked ''LOW". In either case. 
opposite port must be vented to atmosphere. In dusty 
env1ronments. we recommend use of an A-331 Filter Vent 
Plug to keep intenor of mstrument clean. For differential 
pressures the higher source is connected to the "HI" port 
and lower to the· Low·· port. 

4. MOUNTING: The Series 605 Transmitter may be either panel 
mounted or surface mounted. 

A. PANEL MOUNTING: Cut a 4:Y..'' or 120mm dia. hofe in panel and 
Insert the complete unit from the front. Slip on the mounting ring and 
1nstall the split snap ring in the groove on the bezel. Seat the mounttng 
ring against the snap ring and thread the four screws through the 
tapped holes. Tighten screws against rear of panel. 

1-118" LONG • 718 WlOE 
FOR TERMINAl. STRIP 

....... 

3116 DIA HOLES 
FOR MOUNTING SCREWS 
TYP 3 Pt.ACES 

B. SURFACE MOUNTING: Drill (3) 3/16" dia. holes for mount· 
ing screws and cut (1) 7/8" x 1-1/8" hole for access to terminal 
strip as shown in hole location drawing. Insert screws from rear 
of panel and thread into tapped holes on back of transmitter 
case. If rear pressure connections are to be used, make 1/2" 
dia. holes located as shown in hole location drawing in left 
column. 

5. ZEROING: Once gage/transmitter is mounted in its final posi· 
tion, check to be sure pointer aligns with zero on scale, when 
no pressure is applied and both low and high pressure ports 
are vented to atmosphere. To adjust, tum small slotted screw at 
center-bottom of gage face. Do not move 1he larger black knobs 
labeled SPAN and ZERO. These are for use only if a calibration 
check shows the 4-20 mA output signal to need adjustment. 
See page 3 under heading OUTPUT RANGING. 
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ELECTRICAL CONNECTIONS 

CAUTION: DO NOT EXCEED SPECIFIED SUPPLY VOLTAGE 
RATINGS. PERMANENT DAMAGE NOT COVERED BY WAR
RANTY WILL RESULT. THIS UNIT IS NOT DESIGNED FOR AC 
VOLTAGE OPERATION. 

Electrical connections to the Series 605 Transmitter are made to 
the two-screw terminal strip on the rear of the case. Polarity is 
indicated by + and - signs stamped on side. The schematic 
diagram of the Series 605 transmitter is illustrated in Figure B. 

+ -

CID§ 
FIG A 

An external power supply delivering 12.3 to 35 VDC with a mimmum 
current capability of 40 milliamps must be used to power the control 
loop 1n whtch the Series 605 transmitter IS connected Refer to Ftg. B 
lor connection of the power supply, transmitter and receiver. The range 
of appropnate receiver load resistances (A,) lor the power supply volt
age available 1s given by the formula and graph in Fig. C. Shtelded two 
w1re cable IS recommended for control loop wiring and the negat1ve 
side of the loop may be grounded 1f desired. Note also that the recetver 
may be connected in either the negative or positive side of the loop, 
whiChever IS most convenient. Should polarity of the transmitter or 
receiver be inadvertantly reversed, the loop will not function properly 
but no damage will be done to the transmitter. 

SERIES 605 

PRESSURE 

TRANS-
MITTER 

. 
- 1 

I 
I 

xb 

NOTE· RECEIVER MAY BE IN 
SERIES WITH T OR -
LEG OF CONTROL LOOP 

RECEIVER (R,) 

I A'\JVVVA l 
SEE FIG C 

AG.B 

T 
I 
I 
I 
bv 

+ 

POWER 
SUPPLY 

123-35 voc -

The maximum length of connectmg wire between the trans
mitter and the receiver is a function of wire stze and receiver 
resistance. That portion of the total current loop res1stance 
represented by the resistance of the connecting wires them
selves should not exceed 10% of the receiver resistance. For 
extremely long runs (over 1.000 feet), it is desirable to select 
receivers with hlgher rest stances in order to keep the size and 
cost of the connecting leads as low as possible. In installations 
where the connecting run is no more than 100 feet. connect
ing lead wire as small as No. 22 Ga. can be used. 

The Series 605 transmitters can be used with receivers requinng 
1-5 volt input rather than 4-20 mA. If the receiver requires a 1-5 
volt input, insert a 250 ohm, '12 watt resistor in series with the cur
rent loop but in parallel with the receiver input. Referring to Figure 
B, RL becomes the 250 ohm resistor and points X and Y are con
nected to the receiver input, point X being positive ( + ) and point 
Y negative ( - ) or ground. The resistor should be connected at the 
panel end of the transmitter current loop close to the receiver input 
to take advantage of the immunit:· of the current loop to electrical 
noise pickup. Most electronic component distributors stock a 249 
r, V2 watt, ::t 1% tolerance metal film resistor which is adequate for 
this application . 
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~ 
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OPE FUrriNG 
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30 

Each Series 605 Magnehelic® indicating transmitter is factory cal
ibrated to produce 4 mA at zero scale reading and 20 mA at full 
scale reading. The following procedure should be used if the pres
sure versus output signal relationship needs to be checked. 

1. With unit connected to the companion receiver per preceding 
Instructions, insert an accurate milliammeter with a full scale 
reading of approximately 30 mA in series with the current loop . 

2. Vent both pressure ports to atmosphere and, 1f necessary, ad
just pointer zero screw to align pointer with zero on scale. A 
controllable pressure source capable of reaching the full scale 
range should be connected to either high pressure port. Plug 
the other high pressure port and vent one or both low pressure 
ports to atmosphere. The instrument must be ranged in the 
same position in which it will be used. Standard factory calibra
tion and ranging is done with unit vertical. 

3. Apply electrical power to the system and check for proper op
eration by slowly increasing pressure and observing whether 
the loop current increases above the 4 mA zero pressure reading. 

4. A spanner type key is supplied to adjust span and zero. This 
helps to reduce unauthorized tampering. Apply pressure until 
pointer aligns with full scale reading and adjust the SPAN knob 
for a 20 mA reading. 

5. Relieve all pressure, allow a few seconds for settling and adjust 
the ZERO knob for a 4 mA current loop reading. 

6. The SPAN and ZERO controls are slightly interactive so steps 
4 & 5 should be repeated a few times until readings of 4 and 20 
mA are obtained consistently. 

7. Remove the milliammeter from the current loop and proceed 
with final installation of the transmitter and receiver. 



MULTIPLE UNITS WITH COMMON POWER SUPPLY 

12.3-35 
VDC 

FIGURED 

Several Series 605 transmitters can be operated with a single power 
supply as depicted above in Rgure D. Be careful to specify a supply 
with sufficient capacity. The minimum current requirement at a 
given voltage can be calculated by multiplying the number of units 
x 20 mA. In the example shown this would be 4 x 20 or 80 mA 
minimum. 

MAINTENANCE 

Upon final installation of the Series 605 Transmitter and the com
panion receiver, including the A-701 Digital Readout, no routine 
maintenance is required. A periodic check of system calibration 
is recommended. The Series 605 Differential Pressure Transmit· 
ter is not field serviceable and should be returned to the factory 
if service is required . The A-701 Digital Readout should be return
ed to the manufacturer if service is required. Refer to the A-701 
instruction sheet. 
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Set Point 
Adjustment 

Screw 

1fz" (12. 7) 

---.;·•~rr NPT(F) 
Electrical 
Conduit 

Conneclion 

Bulletin E-57 

Series 1950 - Explosion-Proof Differential Pressure Switches 

Specifications - Installation and Operating Instructions 

UL and CSA Listed, FM Approved For 
CL I GR. C, D - CL. II GR. E, F, G - CL. Ill 

Series 1950 Switches 
Operating ranges and deadbands 

To order 
specify 
Model 

Operating Approximate 

Number 

1950-02 
1950-00 
1950-0 

llow Pressure! 195D-1 

' 1950-5 

Range: 
Inches, 
w.c. 

0.03 to 0.10 
0.07 to 0.15 
0.15 to 0.5 
0.4 to 1.6 
1.4 to 5.5 

Dead Band 
At Min. At Max. 

Set Point Set Point 

0.025 0.05 
0.04 0.05 
0.10 0.15 
0.15 0.20 
0.3 0.4 

"~--,~~~~''n.WM.~~~.W~+---~~--~--~----~., 
I 

,..,.. 
" " " 

I 
Series 1950 Explosion-Proof Differential Pressure 
Switches combine the best features of the Dwyer Series 
1900 Pressure Switch with an integral explosion-proof 

1950-20 

Model 
Number 

1950P-2 

4.0 to 20.0 
operating 

Range: PSI 

0.5 to 2.0 

0.4 0.6 

Min. Set Point Max. Set Point 

0.3 PSI 0.3PSI 

and weather-proof housing. Each unit is UL & CSA listed; L_ ·~~~ ~ 
FM approved for use in Class I, Groups C & D; Class II, ~J 3.0 to 15.0 0.9PSI 0.9PSI 

Groups E. F. & G; and Class Ill atmospheres (NEMA 7 & !High Pressure 4.0 to 25.0 0.7 PSI 0.7PSI 
9). They are totally rain-tight for outdoor installations. 1950P-50 
Twelve models allow set-points from .03 to 20 inches w.c. L..-....;.;.;;;.;;.;......;;.;::........a. ____ ......r.. ____ __.:~-------' 

15.0 to 50 1.0 PSI 1.5 PSI 

and from .5 to 50 psi (3.4 to 345 kPa). PHYSICAL DATA 

Easy access to the SPOT switch for electrical hook-up is 
provided by removing the top plate of the three-part alu
minum housing. Adjustment to the set point of the switch 
can be made without disassembling the housing. The unit 
is very compact, about half the weight and bulk of equiv
alent conventional explosion-proof switches. 

CAUTION 
For use only with air or compatible gases. Use of the Model 
1950 switch with explosive media connected to the Low 
pressure port (including differential pressure applications in 
such media) is not recommended. Switch contact arcing 
can cause an explosion inside the switch housing which, 
while contained, may render the switch inoperative. If 
switch is being used to sense a single positive pressure rel
ative to atmosphere, run a line from the low pressure port to 
a non-hazardous area free of combustible gases. This may 
increase response time on -0 and -00 models. 

NOTE: The last number-letter combination in the model 
number identifies the switch's electrical rating (number) and 
diaphragm material Oetter). The 2F combination is standard 
as described in the physical data above. In case of special 
models, a number 1 rating is the same as 2; a number 3 or 
4 rating is 1 OA 125, 250, 480 VAC; 'Ia H.P. 125 VAC; 'I• H.P. 
250 VAC; a number 5 or 6 rating is 1A 125 VAC. Letter B 
indicates a Buna-N diaphragm; N = Neoprene; S = Silicone; 
and V = Viton® . 

Temperature Limits: -40° to 140°F (-40° to 60°C); 
1950P-8, -15, -25, -50: oo to 140°F ( -17.8° to 60°C); 1 950-
02:- 30° to 130°F (-34.4° to 54.4°C). 
Rated Pressure: 1950: 45 in. w.c. (0.1 bar); 1 950P: 
35 psi (2.4 bar); 1 950P-50 only: 70 psi (4.8 bar). 
Maximum Surge Pressure: 1950: 1 0 psi (0. 7 bar); 
1950P: 50 psi (3.4 bar); 1950P-50 only: 90 psi (6.2 bar). 
Pressure Connections: 'law NPT(F). 
Electrical Rating: 15A. 125, 250, 480 volts, 60 Hz. AC 
Resistive 'Is H.P. @ 125 volts, 'I• H.P. @ 250 volts, 
60Hz. AC. 
Wiring Connections: 3-screw type; common. normally 
open and normally closed. 
Conduit Connections: 'I2R NPT(F). 
Set point adjustment Screw type on top of housing, 
field adjustable. 
Housing: Anodized cast aluminum. 
Diaphragm: Molded fluorosilicone rubber, 02 model: sili
cone on Nylon. 
Calibration Spring: Stainless Steel 
Installation: Mount with diaphragm in vertical position. 
Weight: 3 'I• lbs (1.5 kg), 02 model; 4 lbs, 7 oz. 
(2 kg). 

RESPONSE TIME: Because of restrictive effect of flame 
arrestors, switch response time may be as much as 10-25 
seconds where applied pressures are near set point. 

DWYER INSTRUMENTS, INC. I Phone: 219/879-8000 www.dwyer-inst.com 
P.O. BOX 373 • MICHIGAN CITY, INDIANA 46361, U.S.A. Fax: 219/872-9057 e-mail: info@dwyer-inst.com 

Ut-By Fax: 888/891-4963 
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Series 1950 - Explosion-Proof Differential Pressure Switches 
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Specifications - Installation and Operating Instructions 

17/64 [6.75} CIA MTG 
HOLE:"S (2) 

RANGE ADJUSTMENT ,_~===;-T 
SCREW 

1950-02: 7-3/4" (196.9) dia X 4· 
11/32" (11 0.3) depth. For com
plete dimensions request drawing 
28-700175-00 from our Customer 
Service Department 

1/8 NPT(F) L: ' : 3/8 
HIGH PRESSURE 1-11/16 1/8 NPT(Fl VENT DRAIN .J-[9•531 

PORT (42.9] PR~~WfRE PLUG 1s~~~ 

1950 Switch Outline Dimensions 

INSTALLATION 
1. Select a location free from excess vibration and corrosive 
atmospheres where temperatures will be within the limits 
noted under Physical Data on page 1 . Switch may be 
installed outdoors or in areas where the hazard of explosion 
exists. See page 1 for specific types of hazardous service. 

Switch loads for standard models should not exceed the 
maximum specified current rating of 15 amps resistive. 
Switch capabilities decrease with an increase in ambient 
temperature, load inductance, or cycling rate. Whenever an 
application involves one or more of these factors, the user 
may find it desirable to limit the switched current to 1 0 amps 
or less in the interest of prolonging switch life. 

ADJUSTMENT: To Change the Set point 

• 

2. Mount standard switches with the diaphragm in a verti
cal plane and with switch lettering and Dwyer nameplate in 
an upright position. Some switches are position sensitive 
and may not reset properly unless they are mounted with 
the diaphragm vertical. 

3. Connect switch to source of pressure, vacuum or differ
ential pressure. Metal tubing with 1/4" 0.0. is recommend
ed, but any tubing which will not restrict the air flow can be 
used. Connect to the two 118" NPT(F) pressure ports as 
noted below: 

1. Remove the plastic cap and turn the slotted Adjust-ment 
Screw at the top of the housing clockwise to raise the set 
point pressure and counter-clockwise to lower the set point. • 
After calibration, replace the plastic cap and re-check the 

A. Differential pressures - connect pipes or tubes 
from source of greater pressure to high pressure port 
marked HIGH PRESS, and from source of lower pres
sure to low pressure port marked LOW PRESS. 

B. Pressure only (above atmospheric pressure) - connect 
tube from source of pressure to high pressure port. 
The low pressure port is left open to atmosphere. 

C. Vacuum only (below atmospheric pressure)· connect 
tube from source of vacuum to low pressure port. The 
high pressure port Is left open to atmosphere. 

4. To make electrical connections, remove the three hex 
head screws from the cover and after loosening the fourth 
captive screw, swing the cover aside. Electrical connec
tions to the standard single pole, double throw snap switch 
are provided by means of terminals marked "COMn (com
mon), "NO" (norm open), "NC" (norm closed). The normal
ly open contacts close and the normally closed contacts 
open when pressure increases beyond the set point. 

set point. 

2. The recommended procedure for calibrating or checking 
calibration is to use a ''T" assembly with three rubber tubing 
leads, all as short as possible and the entire assembly offer
ing minimum flow restriction. Run one lead to the pressure 
switch, another to a manometer of known accuracy and 
appropriate range, and apply pressure through the third 
tube. Make final approach to the set point very slowly. Note 
that manometer and pressure switch will have different 
response times due to different internal volumes, lengths of 
tubing, fluid drainage, etc. Be certain the switch is checked 
in the position it will assume in use, i.e. with diaphragm in a 
vertical plane and switch lettering and Dwyer nameplate in 
an upright position. 

3. For highly critical applications check the set point adjust
ment and if necessary, reset it as noted in step A. 

MAINTENANCE 
The moving parts of these switches need no maintenance 
or lubrication. The only adjustment is that of the set point. 
care should be taken to keep the switch reasonably clean. 
Periodically the vent drain plug should be rotated, then 
returned to its original position. This will dislodge deposits 
which could accumulate in applications where there is 
excessive condensation within the switch. 

©Copyright 2001 Dwyer Instruments, Inc. Printed in U.S.A. 6/01 FR# 26-440332..()0 Rev. 9. 
DWYER INSTRUMENTS, INC. I Phone:219/879-8000 www.dwye,..inst.com 
P.O. BOX 373 • MICHIGAN CITY, INDIANA 46361, U.S.A. Fax: 219/872-9057 e-mail: info@dwye,..inst.com 

Lit-By Fax: 8881891-4963 



• 

• 

c®us a'e 
LISTED C~US 

• 
IND. CONT. EQ. 

47Uf 

FLOAT SWITCH- PUMP DUTY 
2900 MERCURY SERIES- WIDE ANGLE FLOAT SWITCH 

GENERAL 
DESIGNED FOR OPERATING SEWAGE PUMPS TO CONTROL LIQUID LEVEL IN SUMPS. 
THE FLOAT SWITCH CAN ALSO BE UTILIZED TO SIGNIFY SPECIFIC WATER LEVELS OR 
FOR DIRECT ALARM ACTUATION. 

SWITCH VARIATIONS 
NORMALLY OPEN (N/0) 

THE CONTACTS ARE OPEN (OR OFF) IN THE HANGING POSITION. AS THE FLOAT 
RISES 45° ABOVE HORIZONTAL, THE CONTACTS BECOME CLOSED AND 
ACTUATE (TURN ON) THE SWITCH. THIS FLOAT IS GENERALLY USED IN PUMP DOWN 
APPLICATIONS. 

NORMALLY CLOSED (N/C} 
THE CONTACTS ARE CLOSED (OR ON} IN THE HANGING POSITION. AS THE FLOAT 
RISES 45° ABOVE HORIZONTAL, THE CONTACTS BECOME OPEN AND ACTUATE 
{TURN OFF} THE SWITCH. THIS FLOAT IS GENERALLY USED IN PUMP UP 
APPLICATIONS. 

SINGLE POLE, DOUBLE THROW (SPOT) 
A VARIATION OF THE PREVIOUSLY LISTED SWITCHES. THIS FLOAT SWITCH CAN BE 
WIRED TO OPERATE AS EITHER (BUT NOT BOTH) A NORMALLY OPEN OR NORMALLY 
CLOSED SWITCH BASED ON THE USER'S NEED . 

SWITCH SPECIFICATIONS 
2900 SERIES MERCURY FLOAT SWITCHES ARE DESIGNED TO OPERATE UNDER THE 
FOLLOWING PARAMETERS. 

MINIMUM OPERATING TEMPERATURE -
MAXIMUM OPERATING TEMPERATURE -
ELECTRICAL RATING 
ELECTRICAL RATING 
ACTUATION POINT 

POWER CORD SPECIFICATIONS 

32 DEGREES F. 
170 DEGREES F. 
13 AMP-120 VAC. 

% H.P.@ 120 VAC or 1 H.P.@ 240 VAC 
45° ABOVE I BELOW HORIZONTAL. 

CONDUCTOR CORD - PHYSICAL CHLORINATED POLY ETHYLENE. 
ELECTRICAL FOR N/0 OR N/C SWITCH - 16 AWG 2, TYPE SJOOW-300 VOLT. 
ELECTRICAL FOR SPOT SWITCH 16 AWG 3, TYPE SJOOW-300 VOLT. 
OPTIONAL 120 VAC OR 240 VAC PIGGY BACK PLUG 

FLOAT SPECIFICATIONS 
DURABLE POLYPROPYLENE MATERIAL CONSTRUCTION. 
LEAK PROOF, SHOCK PROOF, AND IMPACT RESISTANT. 
RESISTANT TO SEWAGE AND WASTEWATER APPLICATIONS. 
FOR USE WITH INTRINSICALLY SAFE CIRCUITS. 6" TO 30" PUMPING RANGE 

OPTIONAL CORD MOUNTING ASSEMBLIES AVAILABLE (NOT SHOWN) 
ZINC PLATED CAST IRON CORD WEIGHT- 1.22 LBS. 

POLYPROPYLENE CABLE CLAMP WITH STAINLESS STEEL BAND 

CONERY MFG INC 1380 ENTERPRISE PARKWAY 
info@conerymfg.com PH (419) 289-1444 

ASHLAND, OH 44805 
FAX (419) 281-0366 
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2900 SERIES 81,82 

1-- 1 6/2 SJOOW CABLE 1 

11 5V PIGGYBACK 
PLUG (OPTIONAL) 

230V PIGGYBACK 
PLUG (OPTIONAL) 

¢fo REF 

FLOAT WEIGHT 
(OPTIONAL) 
SEE CHART FOR 
TETHER LENGTH 
& DRAWDOWN. 

1--¢~----t 

ALL INFORMATION CONTAINED IN THIS DRAWING IS 
CONFIDENTIAL AND PROPRIETARY TO CONERY MFG. INC. 

CHANGES TOLERANCES DRAWN BY DATE 
DECIMALS 

.XXX = :1:.005 
.XX ct :1:.010 

FRACTIONAL 
X/X '"' ::1:.1/64 

ANGLES 
)(" ... :!:1/2' 

D. MIDDLETON 03/18/04 

MATERIAL SPECIFICATION: 

WIDE ANGLE 
FLOAT SWITCH 

r--::::=;;;;:;;iiiiiii--====--· 

SPECIFICATION SHEET 
MERCURY FLOAT 

HALF 2900 SERIES 81 , 
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NOTE: ALL ELECTRICAL DIAGRAMS SHOWN ARE EXAMPLES ONLY, 
CONSULT WITH LOCAL ELECTRICAL AUTHORITIES AND CODES . 
DO NOT USE THESE PRODUCTS IN GASOLINE, VOLATILES, 

OTHER COMBUSTIBLES. 

2900 SERIES B 1 , 82 

TYPICAL MOUNTING 

LINE 
VOLTAGE 

ALL INFORMATION CONTAINED IN THIS DRAWING IS 
CONFIDENTIAL AND PROPRIETARY TO CONERY MFG, INC. 

FOR PUMP DOWN USE 
(NORMALLY OPEN FLOAT) 

FOR PUMP UP USE 
(NORMALLY CLOSED FLOAT) 

ALARM 
UGHT 

AUDIBLE 
ALARM 

HIGH WATER ALARM 
(NORMALL OPEN FLOAT) 

PAGE 
2 

<CON Eft> 
CHANGES TOLERANCES DRAWN BY DATE 

SPECIFICATION SHEET 
MERCURY FLOAT 

F DECIMALS D. MIDDLETON 03/18/04 
E .XXX "' :t.005 
D .xx = :t.o1o MATERIAL SPECIFICATION: 
C FRACTIONAL 

x;x ... ±.1/64 WIDE ANGLE 
B ANGLES FLOAT SWITCH 
A X' .., ±1/2' 

SCALE: 

NONE 2900 SERIES 81 ,82 
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Soil and Groundwater Remediation Equipment 

Section 4 - Con.trol. p·anel 

• Control Panel Schematics & Wiring Diagrams 
o Main Circuit Breaker (CBM) Installation; Operation & Inspection Instructions 
• Allen-e·radley Overload Rela'y.Application Bulletif1 
• Aflen~Bradiey700-FSA3UU23, Timing Relay s·peclfications 
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Ill 

~o--· COMPONENT QTY TYPE MODEL#· I DESCRIPTION 

z =-- c ontrol Enclosure· 1 Hammond EN4SD30248GY NEI\i A 1$, _Single door, 30"H X'24'W X 6"0 

. o~- c ontrol Enclosure· 1 Hammond EP3024 30"H x'24"W Sub panel 

1+ .:::.~:--- Control Enclosure 1 Hammond 2QPL Padlock Kit 

!-!'- I-- :Cin uit Breaker'(CBM) 1 Cutler Hammer ED3100l C rcuit Breaker, 240V, 10QJI., 3-Pole 
~ ---~ ... Cin uit·Breaker (CBM) 1 Cutler Hammer FHMVD12B-F Disconnect Haridle for CBM 

!I -------· .. -

~ -------· :::-... Ci~ · uit Breaker (CB1) 1 Allen Bradley 1492-MCBA390 Circuit Breaker, 240V, 90A, 3-Pole 
~ ' Ci~ uit Breaker (CB2) 1 Allen Bradley 1492.,MCAA320 qircuit Breaker, 240V, 20A. 3-Pole 
~ -------1--
.;.;.. -y-~ ............ Cin uit Breaker (CB3) 1 Allen·Bradley 1492-MCAA 115 .Circuit Breaker, 120V, 15A. 1-Pole 

J -------, Distobution Block (TB 1) 1 .Gould 631~3 ·195A 3-Pole Terminal Block 
~ ·--' :D ~-r"-~ ...... Contactor (M1) 1 Allen Bradley 100-C60D10 C: ntactor for 15HP at 208V, 3-phase 
~ -------, 
~ ·-- Contactor (M2) 1 Allen Bradley 100-C12D10 C ontactor for 3HP at·208V, 3-phase 
~ -...:,.~--~- Ol Block (M1) 1 Allen Bradley 193-EEGE 18-90A Ol bl6ck 
~ ~------1 ... ·- Ol Block (M2) 1 Allen Bradley 193-ED1DB .3.2-16A Ol block ~ -_y·-'-· 

HC A Switch (SS1,2) 2 .AIIen_Bradley 800FM-LSL33 !)elector witch illuminated, 3-position, Spring returr 41 -------~ ... 

~ ~ -------· -- latch Mechanism (SS1,2) 2 Allen Bradley .800F-MN5G I latch, power module 
~ -------· Swi1 ch contact (SS1,2) 5 Allen Bradley 800F-X10 Normally open contact 
~ -------· =-.-...... 
~ -------· P lot light (Pl1-3) 3 Allen Bradley 800FP-P4 Pilot light, LED, red 

~ ---·---~ =-- P lot light (Pl1-3) 3 Allen.Bradley 800F-MN5R Pilot light, LED, red 

"' -------· Cot trot Relay (CR1-5) 5 Idee RU4S-A110 Control relay, 120V, 4-pole 

~ =======: ~= Col trot Relay (CR1-5) 5 Idee SY4S-05 Control' relay socket 

lin ing Relay (TR1,2) 2 . Allen Bradley 700-FSA3UU23 SPOT, on delay- timing relay ., -------· ,. ~ RE !set Button (PB1) 1 Allen Bradley 800FM-F2 P shbutton, momentary, black, flush 
~ ~------· ... RE set Button (PB1) 1 Allen Bradley SOOF-ALM latch ~ -----~-· -~ ......... Reset Button (PB 1) 1 Allen Bradley 800F-XD1 Normally. closed contact 

- ..... :;gBISCO 

~=~ Environmental:=:: I::"'" -- .. ..., s.a a~~ s;r-• 
l:"~~ 

T-CIII.---Is02 

'IIIUt ' 
-·=...~::'~ _, 

aut CONTROl. PANEl 
c.. 11/1)/frl 

-·~. 
_, out. so , ... ~~~. 

le·l ~ Jaatl 
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I&UPD ... -.a. -Ill' out. 
-.r 1- ~-- ' I~J1.::.., I - WI• e 1 236SGCS -

• • • 



• • • 

·8
 ·D

 

:1 
• 

~ 
I 

·I 

•'==i= ======rflo 
1'1 Rill 
D

ill 
118 

I ~ 



Cutler-Hammer I.L. 29C101G • Installation Instructions for EHD, EDB, EDS, ED, EDH, EDC, 
FDB, FD, HFD, FDC Circuit Breakers and Molded Case Switches 

.& WARNING 

DO NOT ATTEMPT TO INSTAU OR PERFORM 
MAINTENANCE ON EQUIPMENT WHILE tT IS ENER• 
OIZED. DEATH, SEVERE PERSONAL INJURY OR 
SUBSTANTIAL PROPERTY DAMAGE CAN RESULT 
FROM CONTACT WITH ENERGIZED EQUIPMENT. 
ALWAYS VERIFY THAT NOVOLTAGE IS PRESENT 
BEFORE PROCEEDING WITH THE TASK, AND 
ALWAYS FOLLOW GENERALLY ACCEPTED SAFETY 
PROCEDURES. 

CUTLER-HAMMER IS NOT UABLE FOR THE 
MISAPPLICATION OR MISINST ALLATION OF rrs 
PRODUcts. • 

The user is cautioned to observe all recommendations, 
warnings and cautions relating to the safety d personnel 
and equipment, as well as angeFleral· and local health 
and safety laws, codes, and procedures. 

The recommendations and infonnalion1contained herein 
are based on Cutler-Hammer experience and judgment, 
bu1 should oot be considered to be all-Inclusive or 
oovering every application or circumstance which may 
arise. If any questions arise. contact Cutler-Hammer for 
further intOtmation or instructions. 

1. INTRODUCTION 

FQ 7-J. Model D Series C Circuit Breaker and 
Molded Case Switches 

Effective November 2003. Supersedes ll. 2!C101F dated Jtme 2002 

The F-Frame Series c circuit breakers {Fig. 10..1) Types 
FOB, FD, HFD, and FOC are rated from 15A to 225A 
( 150A for 1 pote versions) continuous current and are 
available aslt\ennal-magnetic circuit breakers and 
molded case switches. Type EHO circuit breakers and 
molded case switches are rated 100A maximum. Types 
EOB, EDS, EO, EDH,and EDC are rated from 1 OOA to 
225A continuous current and are available as thermal
magnetic circuit breakers. {Molded case switches are 
available rated et 100A, 150A. and 225A.) Circuit breakers 
are listed in accordance with Underwriters Laboratories, 
Inc. Standard Ul489, andT~ EHO, EOB, EOS, ED, FOB, 
EDH, EIDC, FD, HFD·, and FDC satisfy the (P1) requirements 
of the International Electroteehnicaf Commission Recommen
datiQ_Q No. IEC 157 ·1. Molded case switches are listed in 
accofOanoe with UL 1087. For this publication, the term 
circuit break~r also indudes molded case switches. For 
more information, see Frame Book 29-1 01 . 

2. INSTALLATION 

The installation procedure consists of inspecting and • 
mounting the circuit breaker, connecting and torqu~ the 
line and load terminations, and attach4ng terminal shtefds 
or barriers, when supplied. To install the circuit breaker, 
perform the following steps: 

Note: The EHD, EDB, EOS, ED, EDH. EDC, FDB. FD, HFD, 
and FDC circuit breakers are factory sealed. UL489 
requires that internal accessories be installed at the 
factory. Where local codes and standards pennit and 
UL listing is not required, internal accessories can be 
field installed. Accessory installation should be done 
before the circuit breaker Is mounted and connected. 

Mounting hardware and unmounted terminations {where 
required) are supplied in separate packages. 

2·11, Make sure that the circuit breaker is suitable for the 
installation by comparing· nameplate data witt:! system 
requirements. Inspect the circuit breaker for completeness 
and check for damage before mounting .. 

~ WARNING 

BEFORE MOUNTING THE CIRCUIT BREAKER IN AN 
ELECTRICAL SYSTEM. MAKE SURE THERE IS NO 
VOLTAGE PRESENT WHERE WORK IS lO BE PER
FORMED. THE VOLTAGeS IN ENERGIZED EQUIP· 
MENT CAN CAUSE INJURY OR DEATH. • 



4t-2 _________________________________________ 1_.L_.2_9~C1_0 __ 1G 

4t 

2-2. Depending on the equipment configuration, the 
circuit breaker can be mounted using different styles ci 
hardware. The following steps describe how to mount 
the circuit breaker using standard hardware. When 
special hardware is needed (for example, with the 
electrical operator), the instruction leaflet describing the 
accessory also describes the special mounting 
arrangements. 

Note: Before mounting the circuit breaker, check if the 
tennination devices should be installed first. See lenni
nations instructions. 

2-3. To mount the circuit breaker, perfonn the following 
steps: 

a For individual mounting panels, make sure that 
mounting panel is predrilled using bolt drilling plan 
(Fig. 2-1). For panelboard mounting, only load end 
support mounting holes are required. For deadfront 
cover applications make sure panel cover is cut out to 
correct escutcheon dimensions (Fig. 2-2}. 

CAUTION . 
DO NOT EXCEED CONNECTOR/BUS CAPACnY IN 
CUTLER-HAMMER POWER LINE 3AAND 4 PANB.S. 
USE CONNECTOR KIT KPRL3AFD3 (3 'POLE) AND 
KPRL3AFD2 (2 POLE) IN PANEL TYPE PRL3AAND 
KPRL4FD (3 POLE) AND KPRL4F02 (2 POLE) IN 
PANEL TYPE PRL4. 

b. If circuit breaker includes factory installed internal 
accessories, make sure accessory wiring can be 
reached when the circuit breaker is mounted. 

c. Position circuit breaker on mounting surface. 

d. Install mounting screws, washers, and nuts. Tighten 
screws firmly, but do not exceed 28 pound-inches 
(3.16 N.m.). 

~.: 1 Polp 2. Polu 3 Poles 4 Poles 

~-r.:::. .. '-· --: +·-·1 - --1+·-1----. --+++··-:----, I • _j.760(19.0&1L • I . • L ' . • . . 
<i' n~~-- . ! ~ r ·. i''t ,.. ! ~--:·t r---j 
I ; I I ! I i 'I·' I i ! i I : ! I ,I .I 
I ! 

1
·2J17s 1 j . 1 . : • ; j . 

i ! . I ,= . ! i : I i I ! I ! ! : i i 
= 1 t 4-tiOD lc1ic:un "r'""' H,1111dte. 1 1 1 • , , • r 1-- t£-,- ... -... ~- I · ·- · • 1-1 -•· - r· ·"f ,, , ,,r,i ', i , , , ! ' ! , ~, , i 

1'! ·k . .. ... !fl.-- 1 -1----t-t=s:J -f-7,-t-t·-·r---j 
r:r·--k~~ )~-r.;·jj8~ L-~~~:.- ~7-r·i·--r--· 

Load 117A8fv 117A8) (34.93) 
End ,184-3ZlllpHalao .184-3ZT9Holee 

IM4 K .D7) (M4 x .07) 

• Fig, 2-1. Circuit Breaker Mounting Bolt Drilling Plans 

I 
lno ~Circuit Breaker Handle 
nd f' .f94 

! 
I 
I 

(16.09) 

(68.76) ! 2.9011 

l I 173.811 

-- ·- ---r! -·-=]---c~'!=l!!!~!!l!'!!!-. · ~"pndle 
, I 
I 1~H 

260 _/ ; (33.88) 

~~R ~r-~ ____________ j __ 
.18814.7811'1ml Dla.HIIIa for 
Aa:ea to Pllllh-to-TJtp 

FtJ. 2-2. Circuit Breaker Escutcheon Dimensions 

2-4. If an optional tenninal end cover is to be installed 
with the circuit breaker (usually line end only), it must be 
positioned bef9re cable is connected to tenninals. 

CAUTION 

WHEN ALUMINUM CONDUCTORS ARE USED, THE 
APPLICATION OF A SUITABLE JOINT COMPOUND IS 
RECOMMENDED TO- REDUCE THE POSSIBILilY OF 
TERMINAL OVERHEATING. TERMINAL OVERHEATING 
CAN CAUSE NUISANCETRIPPING AND DAMAGE TO 
THE CIRCUIT BREAKER. 

2-5. After mounting the circuit breaker, line and load 
terminals and accessory leads should be connected. 
(See accessory schematic diagram on side of circuit 
breaker.) 

Note: lftenninalshield or interphase barriers are to be 
installed on the circuit breaker, install them after the 
terminals are connected. 

2-6. If required, install terminal shield on circuit breaker 
cover with mounting screws provided. 

2-7. If required, install an interphase barrier by sliding 
barrier into dovetail grooves between terminals. 

2-8. After the circuit breaker is installed, check all 
mounting hardware and terminal connecting hardware 
for correct torque loading. Torque values for line/load 
terminals are given in Tables 2-1 and 2-2 and on the 
circuit breaker nameplate. 

Effective 11103 
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International 
Symbol !OFF! 

Hendlo PoaltOfl 
Indicator Color: 
Red~ON 
Wlllht- TRIP 
Gr-·OFF 

IResetl 

Handle 

Rg. 3-1. Circuit Breaker MlD'Ullll Controls 

3. MANUALOPERATION 

Manual operation of the circuit breaker is controlled by 
the circuit breaker handle and the PUSH-TO-TRIP 
button. The circuit breaker handle has three indicated 
positions, two of which are shown on the cover with 
raised lettering to indicate ON and OFF. On the sliding 
handle barrier, ON, OFF, and trip are also shown by a 
color-coded strip for each circuit breaker handle position: 
red for ON, white for tripped, and green for CFF. On the 
sliding handle barrier, ON/OFF is also shown with the 
international symbols 1/0 (See Fig. 3-1.) 

CIRCUIT BREAKER RESET 
After tripping, the circuit breaker is reset by moving the 
circuit breaker handle to the extreme OFF position. 

Effective 11103 

3 

Note: In the event of a thermal trip, the circuit breaker 
cannot be reset until the thermal element cools. 

PUSH-TO-TRIP BUTTON 
The PUSH-TO· TRIP button checks the tripping function 
and is used to periodically exercise the operating 
mechanism. 

4. INSPECTION AND FIELD TESTING 

Series C molded case circuit breakers are designed to 
provide years of almost maintenance-freeoperation. The 
following procedure describes how to inspect and test a 
circuit breaker in service. 

INSPECTION 
Circuit breakers in service should be Inspected periodi
cally. The inspection should include the following checks 
4-1 thru4-7. 

WARNING 

BEFORE INSPECTING THE CIRCUIT BREAKER IN AN 
ELECTRICAL SYSTEM, MAKE SURE THE CIRCUIT 
BREAKER IS SWITCHED TO THE OFF POSITION AND 
THERE IS NO VOLTAGE PRESENTWHEREWORK IS 

• 

TO BE PERFORMED. SPECIAL ATTENnON SHOULD • 
BE PAID TO REVERSE FEED APPLICATIONS 1D 
ENSURE NO VOLTAGE IS PRESENT. THE VOLTAGES 
IN ENERGIZED EQUIPMENT CAN CAUSE INJURY OR 
DEATH. 

CAUTION 

MAKESURETHAT CLEANING AGENTS OR SOL
VENTS USED TO CLEAN THE CIRCUIT BREAKER ARE 
SUITABLE FOR THE JOB. SOME COMMERCIAL 
CLEANING AGENTS WILL DAMAGE THE NAME
PLATES OR MOLDED PARTS. 

4-1. Remove dust, dirt, soot, grease, or moisture from 
the surface of the circuit breaker using a lint-free dry 
cloth, brush, or vacuum cleaner. Do not blow debris into 
circuit breaker. If contamination is found, look for the 
source and eliminate the problem. 

4-2. Switch circuit breakerto ON and OFF several times 
to be sure that the mechanical linkages are free and do 
not bind. If mechanical linkages are not free, replace 
circuit breaker. · 



• 

• 

• 

4 

4-3. Press the PUSH-TO-TRIP button to mechanically 
trip the circuit breaker. Trip, reset. and switch circuit 
breaker ON several times. If mechanism does not reset 
each time the circuit breaker is tripped, replace the circuit 
breaker. 

4-4. Check base, OOoJer, and operating handle for cracks, 
chipping, and discoloration. Circuit breakers should be 
replaced if cracks or severe discoloration is found. 

4-5. Check terminals and connectors for looseness or 
signs of overheating. Overheating will show as discolora
tion, melting, or blistering of conductor insulation, or as 
pitting or melting cf conductor surfaces due to arcing. If 
there is no evidence of overheating or looseness, do not 
disturb or tighten the connections. If there is evidence of 
overheating, terminations should be cleaned or replaced. 
Before re-energizing the circuit breaker, all terminations 
and cable should be refurbished to the condition when 
originally installed . 

E' !'l •N I Cutler-Hammer 
170 Industry Drive 
Pittsburgh, PA 15275 

Style No. 6620C41 HOB 
Effective 11/03 
Printed In U.s.AJTQC 

I.L. 29C1 01 G 

4-6. Check circuit breaker mounting hardware. Tighten if 
necessary. 

4-7. Check area where circuit breaker is installed for any 
safety hazards, including personal safety and fire 
hazards. Exposure to certain types of chemicals can 
cause deterioration of electrical connections. 

FIELD TESTING 
Any field testing should be done in accordance with 
NEMA Standards PublicationAB2 - 1984. 



Installation 

Bulletl~ 193 E1 PLUS Overload Relay Application and Installation 

(Cat 193-EDI __ , 193*-EE __ ) 

• 
A 'MENTION: To prevent electriCIII shock. disconnect from power source before insmlling or servicin11. Install in 
suitable enciOlrure. Keep free fmm contaminants . 

• 

193-E_=30 
1935-E_= 10 

100..C60,-C72,..C85 • 
300..CO_ 

rr---

1.4N·m 
121b-ln 

10().C09, ..C12 
100..C16, ..C23 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

100..C30, ·C37, ·C43 
30o-Ao_, -eo_ 

000 
0 0 

uor 
LJ 

\ 193*-EE_D 
193-ED1_B \ 
193*-EE_B \ 

\ 

"------

41053-358-01 (2) 
Printed In U.S.A. 

4 N·m 
351b·ln 

e e e 

. 0 Jill 
~ . ! 

~.....-----'-! 1'1 
i 

193*·EE_E • 



E1 PLUS Features 

• Push to Reset 
Push To Test 

A = Automatic/Manual Reset Mode 

Rotate to Manually Trip 

M = Manual Reset Mode 

Selectable Trip Class 

• Trip Indicator Window ------------'L.....l~R~t~!le-.lh~~er---..11 
Yellow Indicator not visible: Not Tripped . 

• Yellow Indicator visible: Tripped. 

~ 
S.F.<1.15 ~ =.8XFLA 

S.F.~1.16 ~- =1 XFLA 

VA ~ <~ 

~ 
STARDELTA('fl.) ~ FLA 

~ = 1.7i 

DOL ~ =1XFLA 

• To adjust trip current, turn dial until the desired currant Is 
aligned with the & pointer. Trip raUng Is 120% of dial setting. 

(2) 



·A TfENTION: Do not use automatic reset mode in applications where unexpected au10matic rc~latt of the motor can cause injury to persons or 
damage to equipment. 

Contact Status 

Wiring Diagram • 3 Phase Full Voltage DOL Starter 

Wiring Diagram - 1 Phase Full Voltage DOL starter (1938-___) 

S.C.P D. 

Normal 

95-::f.-f--- 98 I Closed 

9798-J 1-

m Connection musl Ill> 
ul!edb)luaer 

(3) 

9795 

-t~ ~ 
9896 

I Open 

S.C.P.O 

• 
Test Tripped 

Open Open 

Open Closed 

9795 9795 

~~:~ ~:~ 

• 

• 



Main Connections 

• Terminal Screw 

~ 1x 

~ 
2x 

~ 
1x 

~ 2x 

~ 1x 

~ 2x 

~ 

' ) 

193-ED1_B * 
1113-EE B 

M5 
2.5 ... 16mmZ 

2.5Nm 
2.5 ... 10 mm• 

3.4Nm 
2.5 ... 25 mm" 

2.5Nm 
6 ... 16mm• 

3.4Nm 
14 .•• 6AWG 

2211>-in 
14 ... 8AWG 

30 lb-ln 

1#2 

1 xemm 

-

193·EE_D* 

M5 
1x 2.5 ... 16 mm* 1X 

2.5Nm 
2x 2.5 ... 10mm* 2K 

3.4Nm 
1x 2.5 ... 25mm" 1x 

2.5Nm 
2x 6 ... 16 mrn" 2X 

3.4Nm 
1x 14 ... 6AWG 1x 

221b-in 
2x 14 ... 6AWG 2x 

30 lb-ln 

#12 

1 x6mm 

.. 

* FOR MUI. TlPLE CONDUCTOR APPUCATlONS THE SAME SIZE AND STYLE WIRE MUST BE USED. 

Control Connections 

• Terminal Screw M3 

~ 1x 0.5 ... 2.5mm" 
0.55Nm 

~ 2x 0.25 ... 1.5 mm2 
0.55Nm 

~ 1x 0.5 ... 4mm• 
0.55 Nm 

{ (C::: Il 2x 0.2 ... 2.6 mmZ 
o.55Nm 

~ 1x 24 .•. 10AWG 
Slb·ln 

~ 2x 24 ... 10AWG 
Slb·in 

~ 111 

' 0.6x 3.5 mm 

Cage Clamp Operation (193R·EE) 

0.25 ... 1 mmo 

0.2 ... 1.5 mm• 

• 24 ... 14AWG 

(4) 

193-EE E -
M8 

4 ... 35mm• 
4Nm 

4 ... 25mm* 
4Nm 

4 ... 50mm• 
4Nm 

4 ... 35mm" 
4Nm 

12 ... 1 AWG 
351b-in 

6 ... 2AWG 
351b-in 

--

-
4mm 



Trip Curve 

Clasa 10 

j:-

~----+--+~-+~~ 
0.1 ~---..1---L-...L...-L--1-1._1 

1 8 

Short Circuit Ratings 

COLO STAAT 

8 

Multiple of FLA 

Table 1 Standara Fault Short Circuit Rallnaa ~ ULSOil and CSA 22.2 No. 14 
E1 PWe Cal No. Mn.avallable"'ull -.1101raaeM 6.CP.D. 

CUII'BI\1 (kA) 

~~:a· ED18B, EEAB. 1 -""-wflhlURO&ant\t 

EDtce, EO'ID8, ED1EB, 
103.193R, EECB, EED8, EEE8, EEE!>. 

5 800 193S ~=~· EEPB, EERB, EESI!. N01 ruttcutd 10 
1ullng0!11y 

IEEEE. EEFE.I!E"GE. EeUE 10 

Tallie 3 Short CirCuit Rallngs per EN 60947-4-1 
Et Pill$ Cal. No. l'roSpeci!Ye S.C. Ca..w-ISC. Nax. .ailali"M S.C.P.O. 

CUntllll, It (kA) cunenl,lq(l<A) 

EDIAB. El>111B, EEAB. 
I =~.::·.::: EEBB 

193.193>1, ~~~c:'~:O..!~e:ev. 1 
100 690 193S ED! ES, EEEB, EEE!), No1""'-IO 

~~~ EEEE. EEFE. EESB. 3 luatngoniy 

E E 

Fuse Coordination 

HOT STAAT 

• 
eta•• 20 

8 

• 
(5) 



~; 
I • o o o· I D D 

[][] G 

K 
B 

300-AO_, -80_ 193'-EE_D 

300-CO_ 193'-EE_E 

Accessories 

DIN Rail/Panel Adapter 

Current Adjustment Shield 

& 
External Reset Adapter 

• 41 053-358-01 (2) 
Printed in U.S.A 

For Use With 

193-ED1_B, 193*-EE_B 

193*-EE_D 

193*-EE_E 

193-ED1 (all) 
193*-EE (all) 

193-ED1 (all) 
193*-EE (all) 

Cat. No. 

193-EPB 

193-EPD 

193-EPE 

193-BCB 

193-ERA 

J 

Rockwell 
Automation 



Electronic High Performance Timing Relays 
(Catalog Number 70o-FS) 

Product Data 

IModel No.: 700-FSA3UU23 

t:.r4 
\, fil FSH;·· 
'~· •• ,. I 
h •.. : 

fft 

The Bulletin 700-FS Electronic High Performance Timing Relays consist of 
Multi-Function. Single Function and Special Function designs. These • 
products offer the customer optimum space utilization and maximum 
functionality. In addition. the timing ranges are easily adjusted, and the LEOs 
provide visual indication of the coil and timing status. 

• 22.5mm (57/64 inch) Wide 
• Dual Voltage 

• 24-48V DC 
24-240VAC 

• DIN Rail Mounting 
• Finger Safe Terminals 
• Single Pull Double Throw (SPDl) Contact Configuration 

• Multi-Function/Multi-Range {On-Delay. Off-Delay, On-and-Off-Delay, 
One Shot. Fleeting Off-Delay, Flasher, On-Delay Pulse Generator, Pulse 
Convertor, On-Function, Off-Function, with 10 Timing Ranges) 

• Single Function (On-Delay. Off- Delay, On-and-Off-Delay, One Shot, 
Fleeting Off-Delay. Flasher (Pulse), Flasher (Pause), On-Delay Pulse 
Generator, On-Delay {Pulse Controlled), One ShotMiatch Dog, Pulse 
Converter, with 12 Toning Ranges) 

• Special Function/MuiU-Range (Flasher. True Off-Delay, Star-Delta, with 
12 Timing Ranges) 

• Double Pull Double Throw {DPDl) Contact Configuration 
• Multi-Function/Multi-Range (On-Delay, Olf-Delay, On-and-Off-Delay, 

One Shot, Fleeting Off-Dela~ Flasher, On-Delay Pulse Generator, Pulse 
Convertor, On-Function, Off-Function. with 10 liming Ranges) 

• Single Function/Multi-Range (On-Delay, Off-Delay, with 10 liming Ranges) 

• 



• 

• 

• 

2 70Q-FS Electronic High Performance liming Relays 

Catalog Number Explanation 
700 - FS H 3 U U23 

Bulletin Number Supply Voltages 
F~~Mm T J J lJL= SixthPosition 

700-FS 

I 

700-FS 

Second Position Fifth Position 
Type of Relay Third Position Fourth Position Time Ranges 

ming Relays 

M 
Function 

Single-functions: 
A, 8, C, D, E, F, I, & L. 
ON and OFF function 
additio~al (for installation 

Function 
A On-delay 
8 OIILUGI&§ 

I 
C On· and off-delay 
DOne shot 
E Fleeting off-delay 
F Flasher (repeat cycle 

starts w/pulse) 
G Flasher (repeat cycle 

starts w/pause) 
I On-delay pulse generator 
J On-delay (pulse 

controlled) 
K One shot/ watch dog 

(pulse controlled) 
L Pulse converter 

H 

H Flasher (r cycle 
starting with pu 
pause) 

a 
Function 

y 
Function 

Y Star-della timing relays 

Function Assembly of Contacts 

3 1 Change· 
over contact 1 C/0 
(SPOT) 

4 2 Change-
over contacts 2C/O 
(DPDT) 

3 A 
Assembly of contacts Time ranges 

_ .. 
A 0.05 ... 1 s 

3 1 Change· B 0.15 ... 3 s 
over contact 1 C/0 c 0.5 .•. 10s 
(SPOT) D 1.5 ... 30s 

E 0.05 .•. 1 min 
Functions A and B: F 0.15 ... 3 min 
4 2Change· G 0.5 ••. 10min 

over contacts 2C/O H 1.5 ... 30min 
(DPDT) I 0.05 ... 1 h 

J 0.15 ... 3 h 
K 0.5 ... 10h 

I 
t 0 0: 8!11: 

I U 0.05 s ... 60 h 

3 u 
Assembly of contacts 

3 1 Change-
over contact 1 C/0 
(SPOT) 

4 

2 c 
Assembly of contacts Time ranges 
2 2 normally open c 0.5 .•. 10 s 

contacts 2N.O. D 1.5 ... 30 s 
E 0.05 ... 1 min 
F 0.15 ... 3 min 
G 0.5 ... 10min 

U23 
Supply voltages 

U23 
Supply voltages 

""'~ '"- ruv 

U23 24 ... 48 VDC 
24 ... 240 V 50/60 Hz 

NOTE: Only the 700-FSA and 
700-FSB are avatlable with the ir 
multi-time setting ranges (0.05s 10 
60h). 

y voltages 
12VDC 
24 ... 48VDC 
24 ... 240 V 50/60 Hz 

U18 
Supply voltages 

U18 24 ... 240 VDC 
24 ... 240 V 50/60 Hz 



70o-FS Electronic High Performance Timing Relays 

Technical Data 
...._,__--·-Multi-Function High Performance Timing Relays 

Description .,. 
,. 'ii~ 

MUitHUn~~,&Lrmrng relayS 700·FSM3U IncludeS 10 selling runCiions: 
·On-delay 

(D- •. 

* Up 

700-FS Single Function High Performance Timing Relays 

(A) On-delay 

Description 

22.5 mm Timing 
Relays 

The OUlput contaCI changes state arter lhe dme delay is completed. 

be supplied to terminal (A 1/A2} continuously. The output 
switch -s· is closed. When switch •s- is opened, the 

delay is completed, the contaCI returns to shelf 

available mono-time ranges 
Complete the Cat No. with lhe COT· 

responding identification 0 rrom 
the table on the next page. 

NOTE: Only lhe 700-FSA and 
700-FSB are available wilh lhe "U" 
mulll-time selling ranges (0.05s to 
60h}. 

range 0.05 s ... 60 h 
(ls) 0.05 ... 1 s 
(3s) 0.15 ... 3 s 
(lOs) 0.5 ... 10 s 
(1mn) 0.05 ... 1 min 
(3mn) 0.1 5 ... 3 min 
(10mn} 0.5 ... 10min 
(lh} 0.05 ... 1 h 
(3h) 0.15 ... 3 h 
(10h) 0.5 .. .10 h 
(60h} 3 .. .60h 

3 

• 

• 

• 
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700:-FS Electronic High Pe.rformance Timing Relays 

Technical Data; Continued 
FS.Q Special Function Off-Delay without Supply Voltage Timing Relays 

Description !..{ SPDT 

• Supply voltages (A 11A2) 
U18 24 •.• 240.V AC 50160 Hz 

. 24.:240 v DC 

(Q) Off-delay without supply vol (lru!l off--delay) 
When lf!e input power is tUrned on. the o I C!Jrilat;l.~es state. When lite power is 
removed, lite time delay begins. The output a retwns 10 shelf stilte atlhe end or the 
time delay. 

700-FSY Special Function Star De 

Mulli-lime selling range. Q 0.15 s. .. 10 m· 
(2:5s) 0. 15 •. .2.5 s . {Ws . 0.5 .. .10 s 
(80s) 4 .. ;80s n) 0.5 •.. 10mln 

Cat. No •. 

700-FSQ3QU18 

l;J 2NO 

5 

Available IIIO~o-time ranges 
Complete the Cat No. willtllle COt· 

respPfll!ing idenlif!C!Itlon 0 lrilm 
lite table below,. 

(Y) Star :delta tim~g relay 
When power"ls applied, the outpu ct 17118(Y) changes state. AfieJ lhe time setting, the output conlllct17/18(Y) returns 
to shelf state. 'Alter the fixed · 10 .GO ms), the outpu! conlliCI 1 7128A changes state, Both ,output contacts return to shelf 
stale whenever the pow · emoved. · 

O.S •• .10s 1.5 ... 305 

c 0 

Specifications 
Time characteristics (according to VDE 0435, Part 2021) 
Selling aCCU!llcy 

Repeatabitity 

Tolerance 

Supply 

± 5% or full scale 

± 0.2% or !he setting values 

voltage: ±0.001%/%6U 
temperature: ± 0.025%/'>C· 

0.05 ... 1 min 

E 

Supply vohages 24 ... 48 VDC and 24:..240VAC, 50/60 Hz (dual voltage) 

Vollllge tolerance -20% to +20% (DC),-15')1, to+ 10% ~C) 

at240VAC 

Reset lime 50ms 

Voltage Isolation s 20 ms wilhoul reset (supply Voltage) 
Cable length- (supply. voltage control) max: 250m (BOO fQ 

Pulse control (81) 
Pulse durallon ;)!: 50 ms (AC). 1!: 30 ms (DC) 

Input voltage ·Supply volllige range 

Input CUJTent lmA 

0.1S .•. 3min 

F 

Cat. No. 

Cable lenQih max. 250m (800ft) williout parallelloed between 81 and A2 max. 50 m (160ft) wilh load ( < 3 kQ) betWeen 81 and A2 



6 70o-FS Electronic High Performance Timing Relays 

Specifications, Continued 
Outputs 
Conlact lype 

Swild!ing capacity 

Life 

State indicator 

Sening accuracy 

General Data 
lnsulalion cllmcteristlcs 

EMCJlnterference immunity 

EMC/Emission 

Sale lso!<ltion 
Climatic withstand 

Vibration resislarn:e 

Shotk resistance 

Protection daSs 

Weight 

Approval 

Ambient tcmperaiUre 

Terminals 

Mounting 
Disposal 

Relay as changeover switch 
Voltage: 440 VAC 
according Ill IEC 947·5·1: 

Current fm: 8 A Power: 2000 VA 

3 A/440 VAC Ondlll:thle load, AC 14) 
1 A/24 VDC Qndutlive load, DC 13) 

3 A/250 VAC (tnduelive load, AC 15) 

according to UL 508: 
1.5 A/250 VAC (8300) 

10 A gl (Fast Blow Fuse) 

mecllanicat 30 Mil of operalions 
electrical operations: 

4 M~. at 1 A/250 VAC, cos cp = 1 
1.5 Mi. at 1 A/250 VAC, cos cp = 0.3 
0.5 Mil. at 6 A/24 VOC, resislive 
2 MiL at 0.2 A/230 VDC, resislive 
1 Mil. at 0.2 A/11 0 VDC, UR = 20 ms 

1 LED, combination signal 

:1: 5% of run scale 

3 A/120 VAC (8300) 

0.2 MD. at 6 A/250 VAC. cos cp = 1 
0.3 Mil. at3 A/250 VAC, cos cp = 0.3 
2 Mil. at4 A/24 VDC, resislive 
1 MH. at 0.4 A/24 VOC, UR "' 20 ms 
1 MO. at0.1 AI230VOC, UR" 20ms 

2 kVAC/50 Hz lest wllage according Ill VDE 0435 
and 6 kV 1.2150 !IS surge volrage according to IEC 947·1 between an inputs and outputs 

Pelformarn:e of following requirements: 
Surge capacity of !he supply voltage according to IEC 1000-4·5: 4 kV 1.2150 !IS 
Burst according to IEC 1000-4-4: 6 kV 6150 ns 
ESD discharge according to IEC 1000-4-2: Contact 8 kV, air 8 kV 
Electromagnetical HF field according to IEC 801·3 and conducted electromagnetical HF signal according 
to IEC 801-6: Levell 

Electromagnetical r~etds according to EN 55 022: class B 

according to VDE 106, part 101 

56 Cycles (24 h) 11!25 ... 40"C and 95% rei. humidity according to IEC 68·2·30 and IEC 68·2·3 

4 g In 3 axis at 10 • ..500 Hz. lest FC atcording to IEC 68-2·6 
50 9 according 10 IEC 68·2-27 

EnclOsure: IP40 
IP 3D (Singte.fundion) 

Terminat IP 20 according to IEC 947-1 

100g 

UL, C·UL. Germaniscller Lloyd. CE CenifJed 

Open: -25°C ... t60"C 
EnclOsed: -25°C ... +45°C 
Storage: -40"C ... +85"C 

Screw terminal M3.5 for Posidrive Number.2, Philips and slotted screws Number.2. suitable for power screwdriver. 
Rated Nghtening 101que 8.8 L8-IN 0.8 Nm (max. 12 Nm) 
Dual·chamber system for lefminal aoss·sedions of 1 x 0.5 mmZ ... 2 x 2.5 mm1 (sofill) or sttanded 2 x 2.5 mmZ 
(llexlble with sleeve), AWG 20 to 14. 
F"mger protection according Ill VDE 0106 

Front mounting; For soap-on mounting on DIN raU 35 mrn or screw rtxing by adapter and 2 screws M4 

Synthetic material without dioxin according to E CJEFTA nolifttalion Number. 93/0141/0 - electrical contacts with 
cadmium 

• 

• 

• 
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Approximate Dimensions 
Dimensions are shown in millimeters (inc_hes). 
Dimensions are not intended to be used for 
manufacturin ur oses. 

225 96 
(3-25132) 

r-1 I 

~~ -----·-----~-·---·---

22.5 

......_ ,, 
~t-el 101 

{3-Q/64) 

109 
(4-5116) 

700-FS (1 C/0) 

700-FSH3V. .. 

96 
(3-25132) 

101 
(3-63164) 

09 
(4-&16) 

I 

70Q-FS Electronic High Performance liming Relays 

-·1 
--r .... 

. .. , 
::::t 

22.5 96 

109 
(4-&18) 

700-FS (2 C/0) 

For panel mounting, Use lhll 199-FSfl P11n11/ Mounting Adapter. 
13 

199-FSA 

7 



8 70o-FS Electronic High Performance Timing Relays 

Timing Charts, Single Function 
A On-delay 

u..J At1112 

' o.q.o~t5: 
lB) Ill! 

v-1 A-
~ J....:...,r-u:t 
I ; 

Oqwt ~ug 
~ ;....·----:~~uo 
2 

lED II II 

(C) 011-'and-()ff·delay 

U Atl/oi2 

s-r-LAUIII 

Ollqool~t!:J 
UlO II II 

1.1>~---~.!.. i·:·-~-'! 
' -· I 
L. ·-·-·-·-'- . N>- A2 18 'Ill 

(E) Fleetlngoff-delay{Min.PulseAC50ms-DC30ms) 

u 

S ___f"1___ AliBI 

Ollqool __j-jj__ 1$lJ I.S)_....__ 
(G) Flasher (Repeat cycle starting with pause) 

11>~.-A··--·-·r I ·--- I 
L ·-..t:! 

Ill- , .. 

u-1 MIA2 

o.q.o J...l..rrum..!. !SJ 
LED • -

( J) On-delay (pulse controlled) (Min. Pulse AC 50ms-DC30ms) 

uJ L A11A2 

S~AIIlll 
I 

Ollqool~l51: 
LED Ill! 

(On) ON-Function (Off) OFF-Function 

U ~ A!lAZ U j A11A2 

0v1po1 uJt ~ ul 
I I 

?- •1: ?"""' 25§ 
1.ED IEil IIIII!! II II 

0 A voltage olher lhan lhe supply vollage can also be used at 81. 

(B o ·delay 

u 

s_f1__AIIll1 

~ .J--i-i-1_ tsJI 
LED ••n• 

u 

a---r-1--AI/81 

Oinpul J-1-;-L_ IS: 
.~-
(Mpol ~ ~25ft 
:.... __1'-l_ :a i;D 

. ---·-(D) Oneshot 

u~ Atnl2 

~ .J-r-L__ 1s:: 
LED 1111 

"'~iO AI 81 r -l 

L ·-·--~-~ at- 1111 

i'l 

{F) Flasher (Repeat cycle starting with pulse) 

U j AIIA2 

o.q.o ~15:: 
LED • - • 

(I) O"'delay pulse generator 

II•~ ~- Al·•·-·-~-1 1 
I ••• I 

L -·---~! 
Ill- '"' 

U j A11A2 

o.q.o ..L...n__ 15:: 
LED IIIII 

(K) One shot/watch dog (pulse controlled) 
(Min. Pulse AC 50ms- DC 30ms) 

U A1fA2 

S~Aiilll 
19 o.q.o t 1&111 

LED IIIIIQ 

"'~,-· ~. i.: __ ~ 
I --·- I 
' I 
\., ---·-~-.... /Ill , .. , 

Cleverly designed function display LED (Green) 
Output in rest position, no timing 

IIIII OUtput in rest position, time running 

Output in operation position, no timing 

un Output in operation position, lime running 

8 Output 2. selectable as instantaneous contact wi1h sliding switch (0) on front panel [11\Stantaneaus wllen switch is down, limed when switch is up). 
e Bridge or potentiometer 10 kQ. min. 0.25 W (low voltage) for external lime selling. Set timer diliiiD 0.0. 

• 

• 

• 



• 

• 

Timing Charts, Special Function 
Flasher repeat cycle mer- Switch "X s Up 

y voltage connected to A 1 and 81. 
ing Mode'.starting ·with. pause. 

(Hf Flasher repeat cycle tl - Switch ''X" Is Up 
Pulse controlled, output starts'w1 
(Min. Pulse AC si:lms- OC.30ms) 
One Cycle· Mode 

LED---1--L--

LED ____ _ 

LED I I I I 

1.£0 -
LED •••• 

Applications 
Sequence 
On-Delay (A) 
Switth (X} Down, 
(Contact 21-24/22) is 
Instantaneous 
700-FSM DPDT Only 
Delayed Motor Starting 

U-' AIIA2 

y ..i"ii.._ 17118 
I 

t:._u---- 17tal .,.so. . .llSms 
1en Ill liM 

Description 
Pushing the Start Button energizes A 1. 
After the time delay,. Motor 1M wiD stan 

70D-FS Electronic High Performance liming Relays 

LA1/A2 

s ~ " 11 L, AliBI 

~.~151: 
LED I!B • 

(H) Flasher repeat eye mer- Switch "X" Is Down 
Pulse. controlled, out starts with pulse· 

(V) Star-Delta 

l~ r- ~1·-R-·l 
I ·;:\~I 
L -.l'.~.Jj 

N A2 ~ X 
2 NO with Common 

Wuing Diagrain 

s-DC30ms) 

(Q) Off-delay without supply voltage 
(True Off-Delay) 

9 



.rB/500 _ 
snv1ronmental • Soil and Groundwater Remediation Equipment 

Sectio-n 5 - System Drawings. 

• Water Treatment Air Stripper Process & Instrumentation Diagram 

• 

• 
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BISCQ _ 
Environmental • Soil and Groundwater Reme.diation Equipment 

-· 

Section 6 - Warr~nty 

• . Limita~on of Warranty & Limitation of Remedy 

• 

• 



·~------ £!/!fi!lntal 

• 

• 

Soil and Groundwater Remediation Equipment 

limitatiQn of Warranty 

.& 

Limitation of Remedy 

All products not manufactured by BISCO Environmental carry the original 
manufacturer's warra.nty. Copies are available upon request. 

BISCO Environmental warrants its packaged and manufactur.ed equipment. against any 
defect in material or workmanship, under normal use and storage, for a period of twelve 
(12) months from date of manufacture. In the event that products are found to be· 
defective within the warranty period, BISCO Environmental's sole obligation and remedy 
shall. be the furnishing of replacements for any defective parts, and such replacement 
shall be furnished but not installed by BISCO Environmental. BISCO Environmental will 
not be liable for special or consequential damages in any claim, suit or proceedings 
arising under this warranty, nor will BISCO Environmental accept any liability for claims 
for labor, loss of profit,. repairs or other expenses incidentai to replacement. The product 
warranty ·expressed above is our only warranty and may not be verbally ·changed or 
modified by any representative of BISCO Environmental. All freight costs incurred in 
shipping parts to or from BISCO Environmental or to the manufacturer if necessary, are 
at the expense of the customer. 

BISCO Environmental expressly disclaims any warranties, expressed or implied, 
including any warranty of merch.antability or fitness for a particular purpose or any 
warranty arising from a course .of dealing or usage of trade. Except to the extent 
required by applicable iaw, BISCO Environmental shall not be liable, in tort, contract or 
otherwise, for any loss or damage, whether direct, consequential or incidental, of any 
person or entity arising in connection with the equipment. 

135 ROBERT TREAT PAINE DRIVE • TAUNTON, MASSACHUSETTS 02780 • TEL: (508) 738-5100 • FAX: (508) 738-5022 
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!iouth bate 
Engineering 

TRANSMITTAL 

June 12, 2007 

SLABY ENVIRONMENTAL INC. 

ATTN: Robert Slaby 

We are transmitting the following for approval: 

1 set(s) Submittal Drawings 
Bill of Materials 
ASME Code Cales 

Re: 
P.O.#SEI-6190 
SGE#9516 

The enclosed submittal package is for the tank ordered on the above referenced purchase 
order. Please review these drawings and advise if changes are needed. If these drawings 
are satisfactory and construction can begin, please initial and return this page via fax. 
Please note that delivery of your equipment is contingent upon the return of an approval. 
Delay in approving may compel us to reschedule your equipment for later production 
dates than specified in our contract due to conflict with other contractual commitments. 
Please avoid delays by returning approvals promptly. If you have any questions, please 
feel free to call at any time. 

Thank You, 
Mallory Goad 
Project Manager 
South Gate Engineering, LLC . 

Accepted. ____ _ 
Date -------

13477 YORBA AVE. CHINO, CA 91710 PHONE: 909.628.2779 FAX: 909.628.6779 



WORK ORDER NO. 

9516-1A 

DETAIL NOZZLE SCHEDULE 
DWG. ITEM DESCRIPTION FIT -UP I)\YG SIZE MATERIAL QTY. HEAT #'S 

1 or 3 A,8 INLET/OUTLET 1 OF 3 

* FLANGE 6"··150# RFSO SA-105 4 

* PIPE 6" SCH.40 X 11 3/8" SA-1 06,8 2 

M 12"x16" MANWAY 2 OF 3 3/4" TiiK. 4" WIDE SA-106,C 1 
F HALF COUPLING 2 OF 3 3"-3000# SA-105 1 

G HALF. COUPLING 2 OF 3 1" -3000# SA-105 1 

H FULL COUPLING 2 OF 3 2"-3000# SA-105. 1 
I HALF COUPLING 2 OF 3 2~-3000# SA-105 1 

1 OF 3 E SAFETY RELIEF 2 OF 3 

* FLANGE 3"··150# RFSO SA-105 1 

* PIPE 3" SCH.40 X 6 3/4" SA-106,8 1 

K HALF COUPLING 1 OF 3 1/t-300oe SA· 105 '3 

DETAIL EXTERNAL ATIACHMENT 

DWG. HEM DESCRIPTION FIT-UP DWG SIZE MATERIAL QTY. HEAT #'S 
2 OF 3 LG PIPE LEGS 1 OF 3 

* PIPE 6" -SCH.40 x45" SA-1 06,8 4 

* CAP PLATE 1/4" TiiK. SA-36 4 

* BASEPLATE 1/2"xtO"x12" SA-36 4 

SG NAMEPLATE RRAr.KP" - ·- 1 3 SID SA-414,G 1 

LL UFTLUGS 1 OF 3 TYPE "[" ( 1 I 4. TiiK) S.A -36 2 

DETAIL SKID 

DWG. ITEM DESCRIPTION FIT-UP DWG SIZE MATERIAL QTY. HEAT #'S 
3 or 3 * SKID 3 OF 3 

S1 WIDE FLANGE SECTION W8x31# x146" A-992,GR50 2 

S2 WIDE FLANGE SECTION W8x24# x62 7 /16" A-992,GR50 4 

* BOLTS t"-8 UN x 2 1/2" LG SA-193,87 4 

* HEX NUT 1"-8 UN SA-194,2H 4 

4 • ~13477 YORBA AVENUE 3 
; :; CHINO, CALIFORNIA 2 ~~:~ 91710 1 

GATE PH.(909)528-2779 0 06/06 SUBMITTAL 
J<;l";tdN( FAX.{909)628-5779 

REV DATE --~- 'liON APPV'D 
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I 
72" 

SHELL 
LENGTH 

56" 

@ ISGEI HOLD 

113 9/16"± 
O.A L 

35 1/2" 

3 SPS, 3-5 MDFT TNEMEC f 140 

ELEVATION VIEW 

FINISH WITH 2-3 MDFT TNEMEC #1074 (COLOR· TBO) 
2. FLANGE BOLT HOLES TO STRADDLE CENTERLINES INSIDE/OUT. 
1. DEBURR ALL SHARP EDGES. 

NOTES: 

13477 YORBA AVENUE 
CHINO, CALIFORNIA 

91710 

PH.(909)628-2779 
FAX.(909)628-6779 

• 
P1,P1G,2 
GIRTH SEAMS 

P1,P1G 
TYP. CPLGS. 

~ 
1/4" 

P1,P1G,2~ 
LONG SEAM 

~----~50 7 /8"------, 

I 

I 
I 

"'-, I 
"' I / , I , 

-----*-~-
//d)' 

180" 

IQf....YJE'l{ 

P1,P1G 
FLANGES 

1 /4" 

NOZZLE "A 8" 

• 

60 15/16" 

NOZZLE "E" 

CONSTRUCTION PER 

A.S.M.E. SECTION VIII, DIVISION 1 



o· 

180" 

3/16" 

P1,P1G~ 
"Ill" ,----rl,® 

17 s;e· 

~----------~__1 
1-------n· o o.------~ 

TOP HEAP LAYOUT 

3. PUNCH MARK 00',90',180',270'. 
2. FLANGE BOLT HOLES TO STRADDLE CENTERUNES 
1. DEBURR ALL SHARP EDGES. 

NOTES: 

13477 YORBA AVENUE 
CHINO, CALIF'ORNIA 

91710 

• 
PH,(909)628-2779 

FAX.(909)628-6779 

(1 

I 

--7f---- 270' 

160' 

P1,P1G 
"F" 

LINE 

·t·-·· .... ·· ·· .. ··-·· ··-·· .. .. .. ·r 
1------n· o.o ----r 

BQUOM HEAD LAYOUT 

• 

1/2" 

6"SCH.40 
PIPE 

1/16"111 
HOLE 

P1,P1G 
"LG" 

P1,P1G 
TYP. 

DIM UNE 

DETAIL "LEG" 

r 
14 1/2" 

HOLD 

CONSTRUCTION PER 

A.S.M.E. SECTION VIII, DIVISION 1 

• 



• • • 
1 WORK OROER NO. 

9516-1A 

~~ 'i'"=:j'"/'"l [SHEET 3 OF 3 

-r· 1/16"0 1 1/16"0 ~s·r-HOLE HOLE 

1: : : : : : : :1 

8 7/16" 8 7/16" 

32" 32" 32" 32" 

wS 1 w S~CTJON 

~--r W8X31# -E------------3-----o oV 0 "I o I 0 I 0 v 0 I "lo o 
V,l ('I VI I /"-1 56 3/8" 

~w L -f-~ ~~w L-P-

I \ I \ 
48 7/8" l-3 3/4" 

I \ I \ I r i 

i 

64 15/16"± I I I I~ "S2w SECTJO~ R3/8" 

I 
W8X24/J_ 

\ \ I 1/~ P1,P1G 

\ I \ I 1/4" 
TYP. 

~ r I 

t;i- h r-t k+h r+; 
1'-. I I . f !'-.I I f/ 
o ol'-- 0 -1 o I 0 I o 1'- 0 -fo o 

I 

........ _ ·~ 

........ ___ ~ --
I 144 7/8"± 

IQE VI~W 
CONSTRUCTION PER 

2 WEIGHT OF SKID 1,378 LB 
1 DEBURR ALL SHARP EDGES. 

A.S.M.E. SECTION VIII, DIVISION 1 

NOTES: 4 

~~ 
13477 YORBA AVENUE 3 

CHINO, CALIFORNIA 2 
91710 1 

~OUTH GA1'~ PH.(909)628 2779 0 06/06 SUBMITIAL 
NGINEERING FAX.(909)62B-6779 

REV DATE DESCRIPTION APPV'D 



' 

WORK ORDER NO. 

9516-18 

' ~D_W~G-·~~+-~~~~~~~~~~----~~------~~~~~+-~+---~~--~ 
! 1 OF 2 

1 OF 2 

* 
* 
K 

DETAIL 

DWG. 
2 OF 2 LG 

* 
* 
* 

LL 

DETAIL 

OWG. ITEM 

* 
* 

PIPE LEGS 1 OF 2 

PIPE 

CAP PLATE 

BASEPLATE 

BRACKET 
UFTLUGS 

DESCRIPTION FIT-UP DWG 

BOLTS 
HEX NUT 

13477 YORBA AVENUE 
CHINO, CALIFORNIA 

91710 

PH.(909)628-2779 
FAX.{909)628-6779 

·s 

SKID 

SIZE MATERIAL QTY. HEAT #'S 
1" -8 UN x 2 1/2" LG SA-193,87 4 

1·-s UN SA-194,2H 4 



• 
1--------12"0 0.-------..., 

TYP. 

56" 

P1,P1G,2 
~GIRTH SEAMS 

I 
72" 

SHELL 
LENGTH 

• 

HOLD ISGgj SG 

19 

ELEVATION YIEW 

3 SP6, 3-5 MDF'T TNEUEC I 140 
FINISH WITH 2-3 MOF'T TNE!.AEC 11074 (COLOR TBD) 

2. FLANGE BOLT HOLES TO STRADDLE CENTERLINE$ INSIDE/OUT 
1. OEBURR ALL SHARP EDGES. 

NOTES: 

13477 YORBA AVENUE 
CHINO, CALIFORNIA 

91710 

PH.(909)628-2779 
FAX.(909)62B-6779 

35 1/2" 

DIM. UNE 

105 5/8"± 
O.A.L 

14 1/2" 
HOLD 

---------- - --- - -

P1,P1G,2 
LONG SEAM~ 

1----'-,,50 7/8"-----l 

I 

I 
I 

I // 
""' I , I , -•-* 
/' I '""' / CD '" 

225' 

~ 

NOZZLE "A.B" 

• 

TRIM TO WELD 

NOZZLE "E" 

CONSTRUCTION PER 
A.S.M.E. SECTION VIII, DIVISION 1 



180" 

01 
17 5/8" 

1__~------------~~ 
t-------72" 0 0--------1 

TOP HEAD LAYOUT 

3. PUNCH MARK 00',90',180',270' 
2 fl.ANGE BOLT HOLES TO STRADDLE CENTERL!NES 
1. DEBURR ALL SHARP EDGES 

NOTES: 

13477 YORBA AVENUE 
CHINO, CALIFORNIA 

91710 

• 
PH.(909)628-2779 

F'AX.(909)628-6779 

0' 

270' 

180" 

~P1,P1G 
"F" 

BOTTOM HEAD LAYOUT 

• 

__ r, 112· 

3 

6"SCH.40 
PIPE 

1 1/16"ll> 
HOLE 

P1,P1G 
"LG" 

P1,P1G 
TYP 

LINE 

DETAIL "LEG" 

l 
14 1/2" 

HOLD 

CONSTRUCTION PER 

A.S.M.E. SECTION VIII, DIVISION 1 

• 
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~ 
-~~~r, --------------------------------------------------------------------------~ 

South Gate Engineering LLC 
13477 Yorba Ave. Chino, CA 91710 

Date Printed: 6/1112007 

I ~==============================================~ 

I 

• 
ENGINEERING MANAGER: 

CUSTOMER 
SLABY ENVIRONMENTAL, INC. 

P.O. BOX903 
BORREGO SPRINGS, CA 92004 

VESSEL LOCATION 
UNKNOWN 

Yessel designed per the ASME Boiler & Pressure Vessel Code, 
Section VIII, Division 1,2004 Edition, 2006 Addenda 

with Advanced Pressure Vessel, Version: 9.2.3 
Vessel is ASME Code Stamped 

~¥ 
Job No: 9516-1 

Vessel Number: VFT72-72E 
Purchase Order Number: SEI-6190 

NAMEPLATE INFORMATION 
Vessel MAWP: 10.00 PSI at 180 "F 

MDMT: -20 "Fat 10.00 PSI 
Serial Number(s): 19648-19649 

National Board Number(s): NO STAMP 
Year Built: 2007 

Radiography: NONE 
Postweld Heat Treated: NONE 

Construction Type: w 

~ 
Signatures 

Date:JwJ0~ 



South Gate Engineering LLC 
72" O.D. 72" LG. SHELL 

Customer: SLABY ENVIRONMENTAL, INC. 
Job No: 9516-1 

Number: 1 
Vessel Number: VFT72-72. 

Mark Number: S1 T 
Date Printed: 6/11/2007 

Cylindrical Shell Design Information 

Design Pressure: 10.00 PSI Design Temperature: 
Static Head: 3.20 PSI Long. Joint Efficjency: 

Shell Material: SA-516 Gr70 Factor B Chart: 
Material Stress (hot): 

Shell Length: 72.0000 in. Material Stress (cold): 
Compressive Stress: 

Corrosion Allowance: 0.0000 in. Actual Circumferential Stress: 
External Corrosion Allowance: 0.0000 in. Actual Longitudinal Stress: 

Outside Diameter (new): 72.0000 in. Extreme Fiber Elongation: 
·Outside Diameter (corroded): 72.0000 in. Specific Gravity: 

Shell Surface Area: 113.10 Sq. Ft. Weight of Fluid: 
Shell Estimated Volume: 1256.00 Gal. Total Flooded Shell Weight: 

Circ. Joint Efficiency: 70 % Shell Weight: 

Minimum Design Metal Temperature Data 

Min. Temperature Curve: B 
UCS-66(b) reduction: Yes 
UCS-68(c) reduction: No 

Pressure at MDMT: 
Minimum Design Metal Temperature: 

Computed Minimum Temperature: 

Design Thickness Calculations 

Longitudinal Stress Calculations per Paragraph 'UG-27(c)(2) 

PR 13.20 * 35.8125 
t= = 

2SE + 0.4P 2 * 20000 * 0.70 + 0.4 * 13.20 

180 "F 
70 % 

CS-2 
20000 PSI 
20000 PSI 

9440 PSI 
3613 PSI 
1797 PSI 
0.26 % 
1.00 

10492.69 lb. 
11354.62 lb. 

861.93 lb. 

10.00 PSI 
-20 "F 

-155 "F 

=Greater Of (0.0169(Calculated)• 0.0625(Minimum Allowed))+ 0.0000 (corrosion) + 0.0000 (ext. ~rrosion) 

Circumferential Stress Calculations per Appendix 1-1(a)(1) 

= minimum of 0.0625 in. 

PRo 13.20 * 36.0000 
t = ----=-- = ----------

SE + 0.4P 20000.0.70 + 0.4. 13.20 

=Greater of (0.0340(Calculated)• 0.0625(Minimum Allowed))+ 0.0000 (corrosion) + 0.0000 (ext. corrosion) 

External loads do not control design. 

Nominal Shell Thickness Selected= 0.1875 in. 

= minimum of 0.0625 in. 

• 
Advanced Pressure Vessel version. 9.2.3 ©Computer Engmeering, Inc. Page 1 of24 Section VIII. Divis1on 1, 2004 Edition, 2006 Addenda 
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South Gate Engineering LLC 
100:6 72" O.D TOP HEAD 

Customer: SLABY ENVIRONMENTAl, INC. 

t= 

Job No: 9516-1 
Number: 1 

Vessel Number: VFT72-72E 
Mark Number: H1 

Date Printed· 611112007 

ASME F&D Head Design Information 

Design Pressure: 10.00 PSI Design Temperature: 180 "F 
Static Head: 0.50 PSI Joint Efficiency: 85 % 

Head Material: SA-516 Gr 70 Factor 8 Chart: C8-2 
Material Stress {hot): 20000 PSI 

Corrosion Allowance: 0.0000 in. Material Stress {cold): 20000 PSI 
External Corrosion Allowance: 0.0000 in. Actual Head Stress: 4654 PSI 

Head Location: Top Straight Flange : 1.5000 in. 
Outside Diameter : 72.0000 in. Knuckle (r) : 4.3200 in. 

Thin Out: 0.0188 in. 
Crown Radius {Lo): 72.0000 in. M ="I 3 +{Ur]: 1.7693 

Extreme Fiber Elongation: 3.19 % 
Head Surface Area: 35.23 Sq. Ft. Specific Gravity: 1.00 

Head Estimated Volume: 167.09 Gal. Weight of Fluid: 1393.55 lb. 
Head Weight: 269.16 lb. Total Flooded Head Weight: 1662.71 lb. 

Minimum Design Metal Temperature Data 

Min. Temperature Curve: 8 Pressure at MDMT: 10.00 PSI 
UCS-66(b) reduction: No Minimum Design Metal Temperature: -20 "F 
UC8-68{c) reduction: No Computed Minimum Temperature: -20 "F 

Design Thickness Calculations 

Design Thickness Calculations per Appendix 1-4(d) 

PloM = 
10.50 * 72.0000 * 1.7693 

2SE + P(M - 0.2) 2 .. 20000 .. 0.85 + 10.50 ( 1.7693- 0.2) 

. :::Greater of {0.0394(Calc.), 0.0625{Min. t)) + O.OOOO(corrosion) + O.OOOO(ext. corrosion)+ 0.0188(thin out) =minimum of 0.0813 in. 

Nominal Head Thickness Selected = 0.1875 in. 
Minimum Thickness after forming, ts (uncorroded) = 0.1687 in . 

Advanced Pressure Vessel version. 9.2.3 ®Computer Engineering. Inc Section VIII, D•vision 1, 2004 Edition. 2006 Addenda 



Customer: SLABY ENVIRONMENTAL, INC. 
Job No: 9516-1 

Number: 2 

Design Pressure: 
Static Head: 

Head Material: 

Corrosion Allowance: 
External Corrosion Allowance: 

Head Location: 
Outside Diameter : 

Thin Out: 
Crown Radius (Lo): 

Extreme Fiber Elongation: 
Head Surface Area: 

Head Estimated Volume: 

South Gate Engineering LLC 
72" O.D BOTIOM HEAD 

Date Printed: 6/1112007 

ASME F&D Head Design Information 

10.00 PSI 
3.80 PSI 

SA-516 Gr70 

0.0000 .in. 
0.0000 in. 
Bottom 

72.0000 in. 
0.0188 in. 

72.0000 in. 
3.19 % 

35.23 Sq. Ft. 
167.09 Gal. 

Vessel Number: VFT72-
Mark Number: H2 

Design Temperature: 180 "F 
Joint Efficiency: 85 % 
Factor B Chart: CS-2 

Material Stress (hot): 20000 PSI 
Material Stress (cold): 20000 PSI 

Actual Head Stress: 6117 PSI 
Straight Flange : 1.5000 in. 

Knuckle (r) : 4.3200 in. 

M = ~[ 3 + {lTr ): 1.7693 

Specific Gravity: 1.00 
Weight of Fluid: 1393.55 lb. 

Head Weight: 269.16 lb. Total Flooded Head Weight: 1662.71 lb. 

Minimum Design Metal Temperature Data 

Pressure at MDMT: Min. Temperature Curve: 8 
UCS-66(b) reduction: No 
UCS-68(c) reduction: No 

Minimum Design Metal Temperature: 
Computed Minimum Temperature: 

Design Thickness Calculations 

Design Thickness Calculations per Appendix 1-4(d) 

PloM 13.80 * 72.0000 * 1.7693 
t=------~---- =----------------------------

2SE + P(M • 0.2) 2 * 20000 * 0.85 + 13.80 ( 1.7693-0.2) 

10.00 PSI 
-20 •F 
-20 "F 

• 
=Greater of {0.0517(Calc.), 0.0625{Min. t)) + O.OOOO(corrosion) + O.OOOO(ext. corrosion)+ 0.0188(thin out) = minimum of 0.0813 in. 

Nominal Head Thickness Selected= 0.1875 in. 
Minimum Thickness after forming, ts (uncorroded) = 0.1687 in. 

• 
Advanced Pressure Vessel version: 9.2.3 @Computer Engineering, lnc. Page 3of 24 Section VIII, Division 1, 2004 Edibon, 2006 Addenda 
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South Gate Engineering LLC 
MANWAY 

Customer: SLABY ENVIRONMENTAL, INC. 
Job No: 9516-1 

Number: 1 
10 Number: 1 

Design Pressure: 10.00 PSI 
Static Head: 0.30 PSI 

Date Printed: 6/1112007 

Design Temperature: 
Nozzle Efficiency (E): 

Vessel Number: VFD2-72E 
Mark Number: M 

180 "F 
100 % 

Nozzle Material: SA-1 06 Gr C Joint Efficiency (E1 ): . 1.00 

External Projection: 
Internal Projection: 

Inside Corrosion Allowance: 
External Corrosion Allowance: 

Nozzle 10 (new): 
Nozzle 10 (corroded): 

· Outer "h" Umit: 
Internal "h" Limit: 

OD, Umit of Reinforcement: 

3.0000 
0.8750 
0.0000 
0.0000 

16.5000 
16.5000 
0.4218 
0.4218 

33.0000 

Factor B Chart: 
in. Allowable Stress at Design Temperature (Sn): 
in. Allowable Stress at Ambient Temperature: 
in. Correction Factor (F): 
in. Passes through a Category A Joint: 
in. Nozzle Wall Thickne.ss(new): 
in. Nozzle Wall Thickness( corroded): 
in. Upper Weld Leg Size(Weld 41): 
in. Internal Weld Leg Size(Wefd 43): 
in. 

Minimum Design Metal Temperature 

Min. Temp. Curve: 8 
UCS-66(b) reduction: Yes 
UCS-68(c) reduction: No 

Pressure at MDMT: 
Minimum Design Metal Temperature: 

Computed Minimum Temperature: 

Host Component: Head 1 - 100:6 72" O.D TOP HEAD 

Material: SA-516 Gr 70 Head wall thickness( new): 
Material Stress(Sv): 20000 PSI Head wall thickness- thin out (corroded): 

Nozzle Detail Information 

CS-2 
20000 PSI 
20000 PSI 

1.00 
No 

0.7500 in. 
0.7500 in. 
0.1875 in. 
0.1875 in. 

10.00 PSI 
-20 "F 

-125 "F 

0.1875 in. 
0.1687 in. 

Through Fillet 
tn Upper Weld Leg Size(Weld41): 0.1875 in. 

Internal Weld Leg Size(Weld 43): 0.1875 in. 

Nozzle Wall Thickness(tn): 0.7500 in. 

Nozzle passes through the vessel, attached by a fillet weld. 
Nozzle is adequate for UG-45 requirements. 

Opening is adequately reinforced for Internal Pressure. 
Weld Strength Paths are adequate. 
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South Gate Engineering LLC 
MANWAY 

Job No: 9516-1 Vessel Number: VFT72-72E 
Number: 1 Mark Number: M 

ID Number: 1 

Date Printed: 6/11/2007 

Required Head Thickness per Paragraph UG-37(a) 
. 

PLoM 10.30 * 72.0000 * 1 .0000 
tr = = 

(2SE + P * (M- 0.2)) (2 * 20000. 1 + 10.30 * (1.0000- 0.2)) 
= 0.0185 in. 

Nozzle Required Thickness Calculations 

Required Nozzle Thickness for Internal Pressure per Paragraph UG-37(a) 

PRn 1 0.30 * 8.2500 
trn = = = 0.0043 in. 

SE- 0.6P 20000 * 1 - 0.6 * 10.30 

•i 

Strength Reduction Factors 

Sn 20000 Sn 20000 Sn 20000 
fr1 =-- = = 1.0000 fr2=-- = = 1.0000 fr3 =-- = = 1.0000 

Sv 20000 Sv 20000 Sv 20000 

UG-45 Thickness Calculations 
This calculation is for an access or inspection opening. 

Nozzle Thickness for Pressure Loading (plus corrosion) per Paragraph UG-45(a) 

PRn 
t= + Ca + ext. Ca = 

SE- 0.6P 

10.30 * 8.2500 

20000 * 1.00- 0.6 • 10.30 
+ 0.0000 + 0.0000 = 0.0043 in. 

• 
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lD Number: 1 

South Gate Engineering LLC 
MANWAY 

Date Printed: 611112007 

Vessel Number: Vffi2-72E 
Mark Number: M r 

Job No: 9516-1 
Number: 1 

~===============~===========:=::~ 
Nozzle Reinforcement Calculations 

Area Required for Internal Pressure 
A= d tr F + 2 tn tr F (1 - fr1) = (16.5000 * 0.0185 * 1.00) + (2 * 0. 7500 • 0.0185 * 1.00 • (1 - 1.0000)) = 0.3053 sq. in. 

Area Available • Internal Pressure 
A 1 Formula 1 = d(E1 t- F tr)- 2tn(E1 t- F tr)(1 • fr1) = 

16.5000 * (1.00* 0.1687-1.00 *0.0185)- 2 * 0.7500 * {1.00 * 0.1687-1.00 * 0.0185) * (1- 1.0000) = 2.4783 stj. in. 
A 1 Formula 2 = 2(t + tn)(E1 t- F tr)- 2tn(E1 t • F tr)(1 • fr1) = 

2 .. (0.1687 + 0.7500)(1.00 * 0.1687-1.00 * 0.0185) -2 * 0.7500 * (1.00 * 0.1687- 1.00 * 0.0185) * (1 -1.0000) 

0. 2760 sq. in. 
A1 = Larger value of A1 Formula 1 and A 1 Formula 2 

A2 Formula 1 = 5(tn- tm) fr2 t = 5(0.7500- 0.0043) * 1.0000 * 0.1687 = 0.6290 sq. in. 
A2 Formula 2 = 5(tn- trn) fr2 tn = 5(0.7500 • 0.0043) * 1.0000 * 0.7500 = 2. 7964 sq. in. 
A2 = Smaller value of A2 Formula 1 and A2 Formula 2 

A3 = Sma!ler value of the following : 
5 * t • ~ * fr2 = 5 • 0.1687 • 0.7500 • 1.0000 = 0.6326 sq. in. 
5 • ~ • ~ • fr2 = 5 • 0.7500 * 0.7500 * 1.0000 = 2.8125 sq. in. 
2 • h * ~ • fr2 = 2 * 0.8750 * 0.7500 * 1.0000= 1.3125 sq. in. 

= 2.4783 sq. in. 

= 0.6290 sq. in. 

- = 0.6326 sq. in. 

= 0.0352 sq. in. 

0.0352 sq. in. 

-

A41 = (leg)2 *fr2 = (0.1875)" * 1.0000 

A43 = (leg)" • fr2 = (0.1875)2 * 1.0000 

• 

Area Available (Internal Pressure)= A1 + A2 + A3 t A41 + A43 = 3.8103 sq. in., which is greater than A (0.3053) 

...___ ________ ____..j 

• 
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South Gate Engineering LLC 
MANWAY 

Job No: 9516-1 
Number: 1 

10 Number: 1 

Vessel Number: Vffi2-72E. 
Ma<k Number. M T 

Date Printed: 6111/2007 

Nozzle Weld Strength Calculations 

Attachment Weld Strength per Paragraph UW-16 

Weld'41 tmin = smallerof0.75, t, ortn =smaller of 0.75, 0.1687, or0.7500 = 0.1687 in. 

(smaller of 0.25 or (tmin * 0.7)) +ext. CA 0.1181 
Weld 41 Leg min.= = 

0.7 0.7 
= 0.1687 in. 

Weld 41, actual weld leg= 0.1875 in. 

Weld 43 tmin =smaller of 0.75, t. ortn:::: smaller of 0.75, 0.1687, or 0.7500 = 0.1687 ·in. 

(smallerof0.25 or (tmin * 0.7)) + ca (smallerof0.25 or (0.1687 • 0.7)) + 0.0000 0.1181 
Weld 43 leg min. :::: :::: = 

0.7 0.7 0.7 
= 0.1687 in. 

Weld 43, actual weld leg= 0.1875 in. 

Unit Stresses per Paragraphs UG-45(c) and UW-15 
Nozzle wall in shear= 0.70 * Sn = 0.70 * 20000 · 
Upper fillet, Weld 41, in shear= 0.49 *Material Stress = 0.49 * 20000 
Inner fillet, Weld 43, in shear= 0.49 * Material Stress = 0.49 • 20000 

Strength of Connection Elements 
Nozzle wall in shear =% * n: * mean nozzle diameter * tn * Nozzle wall in shear unit stress = 

Y:.* n:. 17.2500 * 0.7500. 14000 
Upper fillet in shear = Y:. • n: * Nozzle OD *weld leg * upper fillet in shear unit stress = Y:. * n: * 18.0000 • 0.1875 * 9800 
Inner fillet in shear = Y:.* n: • Nozzle OD • weld leg • inner fillet in shear unit stress= Y:. • n: * 18.0000 * 0.1875 * 9800 

Load to be carried by welds, per UG-41(b)(1) and Fig. UG-41.1 sketch (a) 
W = [A-A1 + 2 tnfr1(E1t- Ftr)] Sv = [0.3053- 2.4783 + 2 * 0.7500 *1.0000 * (1.00 * 0.1687-1.0000 * 0.0185)] * 20000 
W1-1 = (A2 + A5 + A41 + A42) * Sv = (0.6290 + 0.0000 + 0.0352 + 0.0000) * 20000 
W2-2 = (A2 + A3 + A41 + A43 + 2 tnt fr1) Sv = (0.6290 + 0.6326 + 0.0352 + 0.0352 + 2 * 0.7500 * 0.1687 * 1.0000) * 20000 
W3-3 = (A2 + A3 + A5 + A41 + A42 + A43 + 2 tn t fr1) * Sv = 

(0.6290 + 0.6326 + 0.0000 + 0.0352 + 0.0000 + 0.0352 + 2. 0.7500.0.1687. 1.0000). 20000 

Check Strength Paths 
Path 1·1 = Upper fillet in shear+ Nozzle wall in shear= 51900 + 284400 
Path 2·2 = Upper fillet in shear+ Inner fillet in shear= 

51900 + 51900 
Path 3-3 = Upper fillet in shear+ Inner fillet in shear= 51900 + 51900 

= 14000 PSI 
= 9800 PSI 
= 9800 PSI 

:::: ..,.,,IAnn 

= 51900 
= 51900 lb. 

= -389541b. 
= 13300 lb. 
= 31700 lb. 

= 31700 lb. 

= 336300 lb. 

= 103800 lb. 
= 103800 lb . 

•• 
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South Gate Engineering LLC 
6" 150# NOZZLE A 

Customer: SLABY ENVIRONMENTAL, INC. 
Job No: 9516-1 

Number: 2 
ID Number: A 

Design Pressure: 
Static Head: 

Nozzle Material: 

External Projection: 
Internal Projection: 

Inside Corrosion Allowance: 
External Corrosion Allowance: 

Nozzle Pipe Size: 
Nozzle ID (new): 

Nozzle ID (corroded): 
Outer Mh" Limit: 

Internal "h" Limit: 
OD, Limit of Reinforcement: 

Min. Temp. Curve: 
UCS·66(b) reduction: 
UCS·68(c) reduction: 

Material: 
Material Stress(Sv): 

Through Fillet 
tn~ 

Date Printed: 6/11/2007 

Nozzle Design Information 

10.00 PSI Design Temperature: 
1.33 PSI Nozzle Efficiency (E): 

SA·106 Gr B Joint Efficiency (E1): 
Factor 8 Chart 

6.0000 in. Allowable Stress at Design Temperature (S0 ): 

6.0000 in. Allowable Stress at Ambient Temperature: 
0.0000 in. Correction Factor (F): 
0.0000 in. Passes through a Category A Joint: 

6 Nozzle Pipe Schedule: 
6.0650 in. Nozzle Wall Thickness(new): 
6.0650 in. Nozzle Wall Thickness(corroded): 
0.4688 in. Upper Weld Leg Size(Weld 41): 
0.4688 in. Internal Weld Leg Size(Weld 43): 

12.1300 in. 

Minimum Design Metal Temperature 

B Pressure at MDMT: 
Yes Minimum Design Metal Temperature: 
No Computed Minimum Temperature: 

Host Component: Shell1- 72" O.D. 72" LG. SHELL 

SA-516 Gr70 Shell wall thickness(new): 
20000 PSI Shell wall thickness(corroded): 

Nozzle Detail Information 

Vessel Number: VFr72·72E 
Mark Number: A 

180 "F 
100 % 

1.00 
CS.2 

17100 PSI 
17100 PSI 

1.00 
No 
40 

0.2800 in. 
0.2800 in. 
0.1875 in. 
0.1875 in. 

10.00 PSI 
·20 "F 

·155 "F 

0.1875 in. 
0.1875 in. 

Upper Weld Leg Size(Weld 41 ): 0.1875 in. 

Internal Weld Leg Size(Weld 43): 0.1875 in. 

Nozzle Wall Thickness(tn): 0.2800 in. 

Nozzle passes through the vessel, attached by a fillet weld. 
Pipe Size: 6 Schedule: 40 

Nozzle is adequate for UG-45 requirements. 
Opening is adequately reinforced for Internal Pressure. 

Weld Strength Paths are adequate. 
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South Gate Engineering LLC 
6" 150# NOZZLE A 

Job No: 9516-1 
Number: 2 

Vessel Number: VFT72-72E 
Mark Number: A 

ID Number: A 

Date Printed: 6/11/2007 

Required Shell Thickness per Paragraph UG-37(a) 

PRo 11.33 * 36.0000 
tr = ---- =--------

SE + 0.4P 20000 * 1 + 0.4 * 11.33 

Nozzle Required Thickness Calculations 

Required Nozzle Thickness for Internal Pressure per Paragraph UG-37(a) 

PRn 11.33 * 3.0325 
trn = = 

t= 

t= 

SE-0.6P 17100*1-0.6*11.33 

Strength Reduction Factors 

Sn 17100 Sn 17100 
fr2 = -- = = 0.8550 

Sn 
fr3 =-- = 

Sv 
fr1 =- = = 0.8550 

Sv 20000 Sv 20000 

PRn 

SE- 0.6P 

PRo 

SE + 0.4P 

UG-45 Thickness Calculations 

Nozzle Thickness for Pressure Loading (plus corrosion) per Paragraph UG-45(a) 

11.33 * 3.0325 
+ Ca + ext Ca = + 0.0000 + 0.0000 

17100 * 1.00- 0.6. 11.33 

Nozzle Thickness for Internal Pressure (plus corrosion) per Paragraph UG-45(b)(1) 

11.33 * 36.0000 
+ Ca +ext. Ca = + 0.0000 + 0.0000 

20000 * 1 + 0 .4 • 11.33 

= Greater Of (0.0204(Calculated)· 0.0625(Minimum Allowed)) + 0.0000 (corrosion) + 0.0000 (ext corrosion) 

17100 

20000 

Minimum Thickness of Standard Wall Pipe (plus corrosion) per Paragraph UG-45(b)(4) 
t = minimum thickness of standard wall pipe + Ca + ext. Ca 

Nozzle Minimum Thickness per Paragraph UG-45(b) 
t =Smallest of UG-45(b)(1) or UG-45(b)(4) 

Wall thickness= tn * 0.875(pipe) = 0.2450 is greater than or equal to UG-45 value of 0.0625 

= 0.0204 in. 

= 0.0020 in. 

= 0.8550 

= 0.0020 

= 0.0625 in. 

= 0.2450 in. 

= 0.062~ in. 

•• 
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• Job No: 9516-1 
Number. 2 

10 Number: A 

South Gate Engineering LLC 
6" 150# NOZZLE A 

Date Printed: 6111/2007 

Nozzle Reinforcement Calculations 

Area Required for Internal Pressure 

Vessel Number: VFT72-72E 
Mark Number: A 

A= d tr F + 2 tn tr F (1 - fr1) = (6.0650 * 0.0204 * 1.00) + (2 * 0.2800 * 0.0204 * 1.00 * (1 - 0.8550)) = 0.1254 sq. in. 
Area Available -Internal Pressure 

A1 Formula 1 = d(E1 t- F tr)- 2tn(E1 t- F tr)(1 - fr1) = 
6.0650 * (1.00 • 0.1875- 1.00 • 0.0204)- 2" 0.2800 • (1.00 * 0.1875- 1.00 • 0.0204) • (1 - 0.8550) = 0.9999 sq. in. 

A 1 Formula 2 = 2(t + tn)(E1 t- F tr)- 2tn(E1 t- F tr)(1 - fr1) = 
2 .. (0.1875 + 0.2800)(1.00 .. 0.1875- 1.00. 0.0204)- 2. 0.2800 .. (1.00. 0.1875- 1.00 .. 0.0204). (1 - 0.8550) 

= 0.1427 sq. in. 
A1 = Larger value of A 1 Formula 1 and A 1 Formula 2 

A2 Formula 1 = 5(tn- tm) fr2 t = 5{0.2800- 0.0020) * 0.8550 * 0.1875 = 0.2228 sq. in. 
A2 Formula 2 = 5(tn- tm) fr2 tn = 5(0.2800- 0.0020) • 0.8550 * 0.2800 = 0.3328 sq. in. 
A2 = Smaller value of A2 Formula 1 and A2 Formula 2 

A3 = Smaller value of the following : 
5 • t • tJ • fr2 = 5 • 0.1875 • 0.2800 • 0.8550 = 0.2244 sq. in. 
5 • ~ "t1 * fr2 = 5 • 0.2800 • 0.2800 • 0.8550 = 0.3352 sq. in. 
2 • h * ~ • fr2 = 2 * 6.0000 • 0.2800 • 0.8550= 2.8728 sq. in. 

= 0.9999 sq. in. 

= 0.2228 sq. in. 

= 0.2244 sq. in. 

A41 = (leg)2 * fr2 = (0.1875)2 * 0.8550 = 0.0301 sq. in. 

· A43 = (leg)2 * fr2 = {0.1875)2 • 0.8550 = 0.0301 sq. in . 

Area Available (Internal Pressure)= A1 + A2 + A3 + A41 + A43 = 1.5073 sq. in., which is greater than A (0.1254) 

....___ ___ _____. 
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South Gate Engineering LLC 
6" 150# NOZZLE A 

Job No: 9516-1 
. Number: 2 

Vessel Number: VFf72-
Mark Number: A 

ID Number: A 

Date Printed. 6/11/2007 

Nozzle Weld Strength Calculations 

Attachment Weld Strength per Paragraph UW-16 

Weld 41 tmin =smaller of0.75, t, or tn = smallerof0.75, 0.1875, or 0.2800 = 0.1875 in. 

(smal1erof0.25or(tmin * 0.7)) +ext. CA 0.1313 
Weld 41 Leg min.= = ---

Q7 Q7 
= 0.1875 in. 

Weld 41, actual weld leg= 0.1875 in. 

Weld 43 tmin =smaller of 0.75, t, ortn =smaller of 0.75, 0.1875, or 0.2800 = 0.1875 in. 

(smaller of 0.25 or (tmin • 0.7)) + ca (smaller of 0.25 or (0.1875 * 0.7)) + 0.0000 0.1313 
Weld 43 Leg min. = = = ---

0.7 0.7 0.7 
= 0.1875 in. 

Weld 43, actual weld leg= 0.1875 in. 

Unit Stresses per Paragraphs UG-45(c) and UW-15 
Nozzle wall in shear= 0. 70 • Sn = 0. 70 * 17100 
Upper fillet, Weld 41, in shear= 0.49 *Material Stress= 0.49 * ·11100 
Inner fillet, Weld 43, in shear= 0.49 *Material Stress= 0.49 *17100 · 

Strength of Connection Elements 
Nozzle wall in shear =% * n: • mean nozzle diameter * tn * Nozzle wall in shear unit stress = 

%* 1t. 6.3450.0.2800" 11970 
Upper fillet in shear =% • n • Nozzle 00 • weld leg • upper fillet in shear unit stress = Ya • n • 6.6250 • 0.1875 * 8379 
Inner fillet in shear = Ya • 1t * Nozzle OD *weld leg • inner fillet in shear unit stress =% * 1t * 6.6250 • 0.1875 • 8379 

Load to be carried by welds, per UG-41 (b)(1) and Fig. UG-41.1 sketch (a) 
W = [A- A 1 + 2 tn fr1 (E1 t- Ftr)] Sv = [0.1254 - 0.9999 + 2 • 0.2800 * 0.8550 * (1.00 * 0.1875 - 1.0000 * 0.0204 )J * 20000 
W1-1 = (A2 + A5 + A41 + A42) * Sv = (0.2228 + 0.0000 + 0.0301 + 0.0000) * 20000 
W2-2 = (A2 + A3 + A41 + A43 + 2 tn tfr1) Sv = (0.2228 + 0.2244 + 0.0301 + 0.0301 + 2 * 02800 * 0.1875 * 0.8550) * 20000 
W3-3 = (A2 + A3 + A5 + A41 + A42 + A43 + 2 tnt fr1) " Sv = 

(0.2228 + 0.2244 + 0.0000 + 0.0301 + 0.0000 + 0.0301 + 2 * 0.2800.0.1875 * 0.8550). 20000 

Check Strength Paths 
Path 1-1 = Upper fillet in shear+ Nozzle wall in shear= 16300 + 33400 
Path 2-2 = Upper fillet in shear + Inner fillet in shear= 

16300 + 16300 
Path 3-3 = Upper filletin shear + Inner fillet in shear = 16300 + 16300 

= 11970 PSI 
= 8379 PSI 
= 8379 PSI 

= -158891b. 
= 5060 lb. 

= 11900 lb. 

= 11900 )b. 

= 49700 lb. 

= 32600 lb. 
= 32600 lb . 

• 
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South Gate Engineering LLC 
6"NOZZLE B 

Customer: SLABY ENVIRONMENTAL, INC. 
Job No: 9516-1 

Number: 3 
ID Number: B 

Design Pressure: 
Static Head: 

Nozzle Material: 

External Projection: 
Internal Projection: 

Inside Corrosion Allowance: 
External Corrosion Allowance: 

Nozzle Pipe Size: 
Nozzle !D (new): 

Nozzle ID (corroded): 
Outer "h" Umit: 

Internal "h" Umit: 
OD, Umlt of Reinforcement: 

Min. Temp. Curve: 
UC8-66(b) reduction: 
UC8-68(c} reduction: 

Material: 
Material Stress(Sv): 

Through Fillet 
tn 

Date Printed: 6/11/2007 

10.00 PSI Design Temperature: 
3.10 PSI Nozzle Efficiency (E): 

SA-106 GrB Joint Efficiency (E1 }: 
Factor B Chart 

6.0000 in. Allowable Stress at Design Temperature (S0 ): 

6.0000 in. Allowable Stress at Ambient Temperature: 
0.0000 in. Correction Factor (F): 
0.0000 in. Passes through a Category A Joint: 

6 Nozzle Pipe Schedule: 
6.0650 in. Nozzle Wall Thickness(new): 
6.0650 in. Nozzle Wall Thickness(corroded}: 
0.4688 in. Upper Weld Leg Size(Weld 41 ): 
0.4688 in. Internal Weld Leg Size(Weld 43): 

12.1300 in. 

Minimum Design Metal Temperature 

8 Pressure at MDMT: 
Yes Minimum Design Metal Temperature: 
No Computed Minimum Temperature: 

Host Component: Shell1 - 72" O.D. 72" LG. SHELL 

SA-516 Gr70 Shell wall thickness(new): 
20000 PSI Shell wall thickness(corroded): 

Nozzle Detail Information 

Vessel Number: VFf72-72E 
Mark Number. B 

180 "F 
100 % 

1.00 
C8-2 

17100 PSI 
17100 PSI 

1.00 
No 
40 

0.2800 in. 
0.2800 in. 
0.1875 in. 
0.1875 in. 

10.00 PSI 
-20 "F 

-155 "F 

0.1875 in. 
0.1875 in. 

Upper Weld Leg Size(Weld 41): 0.1875 in. 

Internal Weld Leg Size(Weld 43}: 0.1875 in. 

Nozzle Wall Thickness(t0 ): 0.2800 in. 

Nozzle passes through the vessel, attached by a fillet weld. 
Pipe Size: 6 Schedule: 40 

Nozzle is adequate for UG-45 requirements. 
Opening is adequately reinforced for Internal Pressure. 

Weld Strength Paths are adequate . 
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South Gate Engineering LLC 
6" NOZZLE B 

Job No: 9516-1 
Number: 3 

ID Number: B 

Vessel Number: VFT72-72E. 

Mad< Number. B T 
Date Printed: 6/11/2007 

Required Shell Thickness per Paragraph UG-37(a) 

PRo 13.10" 36.0000 
tr= = = 0.0236 in. 

SE + 0.4P 20000 * 1 + 0.4 * 13.10 

Nozzle Required Thickness Calculations 

Required Nozzle Thickness for Internal Pressure per Paragraph UG-37(a) 

PRn 13.10 * 3.0325 
tm = =--------

SE- 0.6P 17100 * 1-0.6 * 13.10 
= 0.0023 in. 

Strength Reduction Factors 

Sn 17100 Sn 17100 17100 
fr1 =- = = 0.8550 

Sv 20000 
fr2 =- = = 0.8550 

Sv 20000 

Sn 
fr3 =-- = 

Sv 
= 0.8550 

20000 

I 

PRn 
t= 

SE-0.6P 

PRo 
t= 

SE + 0.4P 

UG-45 Thickness Calculations 

Nozzle Thickness for Pressure Loading (plus corrosion) per Paragraph UG-45(a) 

13.10 * 3.0325 
+ Ca + ext. Ca = + 0.0000 + 0.0000 

17100 .. 1.00-0.6" 13.10 

Nozzle Thickness for Internal Pressure (plus corrosion) per Paragraph UG-45(b)(1) 

13.10" 36.0000 
+ Ca + exl Ca = + 0.0000 + 0.0000 

20000" 1 + 0.4. 13.10 

= Greater Of (0.0236(Calculated)· 0.0625(Minimum Allowed))+ 0.0000 (corrosion) + 0.0000 {exl corrosion) 

Minimum Thickness of Standard Wall Pipe (plus corrosion) per Paragraph UG-45(b){4) 
t = minimum thickness of standard wall pipe + Ca + ext. Ca 

Nozzle Minimum Thickness per Paragraph UG-45(b) 
t =Smallest of UG-45(b)(1) or UG-45(b)(4) 

Wall thickness= tn • 0.875(pipe) = 0.2450 is greater than or equal to UG-45 value of 0.0625 

= 0.0023 

= 0.0625 in. 

= 0.2450 in. 

= 0.0625 in. 

• 
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Job No: 9516-1 
Number: 3 

ID Number: 8 

South Gate Engineering LLC 
6" NOZZLE 8 

Date Printed: 611112007 

Nozzle Reinforcement Calculations 

Area Required for Internal Pressure 

Vessel Number: VF172-72E 
Mark Number: 8 

A= d tr F + 2 tn tr F (1 - fr1) = {6.0650 * 0.0236 • 1.00) + {2 * 0.2800 • 0.0236 * 1.00 * {1 - 0.8550)) = 0.1451 sq. in. 
Area Available • Internal Pressure 

A 1 Formula 1 "' d(E1 t • F tr)- 2tn(E1 t- F tr)(1 • fr1) = 
6.0650 • (1.00 * 0.1875- 1.00 • 0.0236) - 2 • 0.2800 • (1.00 • 0.1875- 1.00 • 0.0236)"' (1 - 0.8550) = 0.9807 sq. in. 

A 1 Formula 2 = 2(t + tn)(E1 t- F tr)- 2tn(E1 t • F tr)(1 - fr1) = . 
2 * (0.1875 + 0.2800)(1.00 * 0.1875- 1.00. 0.0236)- 2. 0.2800. (1.00. 0.1875- 1.00. 0.0236) * (1 - 0.8550) 

= 0. 1399 sq. in. 
A1 = Larger value of A 1 Formula 1 and A 1 Formula 2 

A2 Formula 1 = 5(tn- tm) fr2 t = 5{0.2800- 0.0023) • 0.8550 * 0.1875 = 0.2226 sq. in. 
A2 Formula 2 = 5(tn- tm) fr2 tn = 5(0.2800 - 0.0023) * 0.8550 * 0.2800 = 0.3324 sq. in. 
A2 = Smaller value of A2 Formula 1 and A2 Formula 2 · 

A3 = Smaller value of the following : 
5 * t * ~ * fr2 = 5 * 0.1875 * 0.2800 • 0.8550 = 0.2244 sq. in. 
5 * tj * ti ~ fr2 = 5 * 0.2800 * 0.2800 * 0.8550 = 0.3352 sq. in. 
2 * h * ~ • fr2 = 2 * 6.0000 * 0.2800 • 0.8550= 2.8728 sq. in. 

A41 = {1eg)2 
• fr2 = (0.1875)2 

• 0.8550 

A43 = (leg)2 * fr2 = (0.1875)2 * 0.8550 

= 0.9807 sq. in. 

= 0.2226 sq. in. 

= 0.2244 sq. in. 

= 0.0301 sq. in. 

= 0.0301 sq. in. 

Area Available (Internal Pressure) =·A1 + A2 + A3 + A41 + A43 = 1.4879 sq. in., which is greater than A (0.1451) 
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South Gate Engineering LLC 
6" NOZZLE B 

Job No: 9516-1 
Number: 3 

ID Number: B 

Vessel Number: VFr72-72E. 

Ma<l< Number. B l 
Date Printed: 6/11/2007 

Nozzle Weld Strength Calculations 

Attachment Weld Strength per Paragraph UW-16 

Weld 41 tmin =smaller of 0.75, t, or tn =smaller of 0.75, 0.1875, or 0.2800 

(smaller of 0.25 or (tmin * 0.7)) +ext. CA 0.1313 
Weld 41 Leg min.= -

OJ OJ 

= 0.1875 in. 

= 0.1875 in. 

Weld 41, actual weld leg= 0.1875 in. 

Weld 43 tmin = smaller of 0. 75, t, or tn =smaller of 0. 75, 0.1875, or 0.2800 

(smaller of 0.25 or (tmin * 0.7)) + ca (smaller of 0.25 or (0.1875 * 0.7)) + 0.0000 
Weld 43 Leg min.= = = 

0.7 0.7 

0.1313 

0.7 

= 0.1875 in. 

= 0.1875in. 

Weld 43, actual weld leg= 0.1875 in. 

Unit Stresses per Paragraphs UG-45(c) and UW-15 
Nozzle wall in shear= 0.70 * Sn = 0.70 • 17100 
Upper fillet, Weld 41, in shear= 0.49 • Material Stress= 0.49 • 17100 
Inner fillet, Weld 43, in shear= 0.49 * Material Stress = 0.49" 17100 

Strength of Connection Elements 
Nozzle wall in shear = '!4 * rc * mean nozzle diameter * tn * Nozzle wall in shear unit stress = 

Ya. lt • 6.3450 • 0.2800 • 11970 
Upper fillet in shear = Ya * rc " Nozzle OD • weld leg • upper fillet in shear unit stress = Ya * rc * 6.6250 * 0.1875 * 8379 
Inner fillet in shear = Ya * rc * Nozzle OD • weld leg • inner fillet in shear unit stress = Ya * rc * 6.6250 * 0.1875 * 8379 

Load to be carried by welds, per UG-41(b)(1) and Fig. UG-41.1 sketch (a) 
W =(A- A1 + 2 tn fr1(E1t- Ftr)] Sv = [0.1451-0.9807 + 2 • 0.2800 .. 0.8550* (1.00 * 0.1875-1.0000 * 0.0236)] * 20000 
W1-1 = (A2 + A5 + A41 + A42) * Sv = (0.2226 + 0.0000 + 0.0301 + 0.0000) * 20000 . 
W2-2 = (A2 + A3 + A41 + A43 + 2 tn tfr1) Sv = (0.2226 + 0.2244 + 0.0301 + 0.0301 + 2 * 0.2800 * 0.1875 * 0.8550) * 20000 
W3-3 = (A2 + A3 +AS + A41 + A42 + A43 + 2 tn t fr1) * Sv = 

(0.2226 + 0.2244 + 0.0000 + 0.0301 + 0.0000 + 0.0301 + 2 * 0.2800.0.1875. 0.8550) .. 20000 

Check Strength Paths 
Path 1·1 = Upper fillet in shear+ Nozzle wan in shear = 16300 + 33400 
Path 2·2 = Upper fillet in shear + Inner fillet in shear = 

16300 + 16300 
Path 3-3 = Upper fillet in shear + Inner fillet in shear= 16300 + 16300 

= 11970 PSI 
= 8379 PSI 
= 8379 PSI 

= 33400 
= 16300 
= 16300 lb. 

= -151421b. 
= 5050 lb. 

= 11900 lb. 

= 11900 lb. 

= 49700 lb. 

= 32600 lb. 
= 32600 lb . 

• 
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South Gate Engineering LLC 

3" RELIEF 
Customer: SLABY ENVIRONMENTAL, INC. 

Job No: 9516-1 Vessel Number. VFT72-72E 
Number: 4 Mark Number: E 

ID Number:4 

Date Printed: 6/11/2007 

Nozzle Design Information 

Design Pressure: 10.00 PSI Design Temperature: 180 •F 
Static Head: 0.30 PSI Nozzle Efficiency (E): 100 % 

Nozzle Material: SA-106 GrB Joint Efficiency (E1): 1.00 
,, 

Factor B Chart: CS-2 
External Projection: 6.0000 in. Allowable Stress at Design Temperature (S0 ): 17100 PSI 
Internal Projection: 0.1875 in. Allowable Stress at Ambient Temperature: 17100 PSI 

Inside Corrosion Allowance: 0.0000 in. Correction Factor (F): 1.00 
External Corrosion Allowance: 0.0000 in. Passes through a Category A Joint: No 

Nozzle Pipe Size: 3 Nozzle Pipe Schedule: 40 
Nozzle ID (new): 3.0680 in. Nozzle Wall Thickness(new): 0.2160 in. 

Nozzle ID (corroded): 3.0680 in. Nozzle Wall Thickness( corroded): 0.2160 in. 
Developed Opening: 3.2230 in. Tangential Dimension L: 22.0000 in. 

Outer "h" Limit: 0.4218 in. Upper Weld Leg Slze(Weld 41): 0.1875 in. 
Internal "h" Limit: 0.4218 in. Internal Weld Leg Size(Weld 43): 0.1875 in. 

OD, Limit of Reinforcement: 6.4460 in. Outside Groove Weld Depth: 0.1250 in. 

Minimum Design Metal Temperature 

Min. Temp. Curve: B Pressure at MDMT: 10.00 PSI 
UCS-66(b) reduction: Yes Minimum Design Metal Temperature: -20 "F 
UCS-68(c) reduction: No Computed Minimum Temperature: -155 "F 

Host Component: Head 1 -100:6 72" O.D TOP HEAD 

Material: SA-516 Gr70 Head wall thickness(new): 0.1875 in. 
Material Stress(Sv): 20000 PSI Head wall thickness- thin out (corroded): 0.1687 in. 

Nozzle Detail Information 

Upper Weld Leg Size(Weld 41): 0.1875 in.' 

Internal Weld Leg Size(Weld 43): 0.1875 in. 

Nozzle Wall Thickness(tn): 0.2160 in. 

Outside Groove Weld Depth: 0.1250 in. 

Rg.UIV-16.1 (e) 

tangential to the vessel wall, attached by a groove weld. 
Pipe Size: 3 Schedule: 40 

Nozzle is adequate for UG-45 requirements. 

I 
Opening is adequately reinforced for Internal Pressure. 

Reinforcement calculations are not required per UG-36(c)(3)(a)See Uw-14 for exceptions. 
Weld Strength Paths are adequate. 

I 
I :e 
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South Gate Engineering LLC 
3" RELIEF 

Job No: 9516-1 
Number: 4 

Vessel Number. VFT72-72E 
Mark Number: E 

ID Number. 4 

Date Printed: 6/1112007 

Required Head Thickness per Paragraph UG-37(a) 

PLoM 10.30 * 72.0000 * 1.0000 
tr=---------------------- -=---------------------------

(2SE + P * (M- 0.2)) (2 * 20000 * 1 + 10.30 * (1.0000- 0.2)) 
= 0.0185 in. 

Nozzle Required Thickness Calculations 

Required Nozzle Thickness for Internal Pressure per Paragraph UG-37(a) 

PRn 10.30 * 1.5340 
trn = = 

SE- 0.6P 17100 * 1 -0.6 * 10.30 
= 0.0009 in. 

Strength Reduction Factors 

17100 Sn 17100 17100 Sn 
fr1 =--- = 

Sv 
= 0.8550 

20000 
fr2 =- = = 0.8550 

Sv 20000 

Sn 
fr3 =----- = 

Sv 
= 0.8550 

20000 

UG-45 Thickness Calculations 

Nozzle Thickness for Pressure loading (plus corrosion) per Paragraph UG-45(a) 

PRn 10.30 * 1.5340 
t = ---- + Ca + ext Ca = + 0.0000 + 0.0000 

SE- 0.6P 17100 *1.00 • 0.6 * 10.30 

Nozzle Thickness for Internal Pressure (plus corrosion) per Paragraph UG-4S(b)(1) 

PLoM 10.30 * 72.0000 * 1.7693 
+ Ca + ext. Ca = + 0.0000 + 0.0000 

(2SE + P * (M- 0.2)) (2 * 20000 * 1 + 10.30 * (1.7693- 0.2)) 
t= 

=Greater Of (0.0328(Calculated)· 0.0625(Minlmum Allowed)}+ 0.0000 (corrosion) + 0.0000 (ext corrosion) 

Minimum Thickness of Standard Wall Pipe (plus corrosion} per Paragraph UG-45(b)(4) 
t = minimum thickness of standard wall pipe + Ca + ext. Ca 

Nozzle Minimum Thickness per Paragraph UG-45(b) 
t =Smallest of UG-45(b)(1) or UG-45(b)(4) 

Wall thickness tn * 0.875(pipe) = 0.1890 is greater than or equal to UG-45 value of 0.0625 

= 0.0009 

= 0.0625 in. 

= 0.1890 in. 

= 0.0625 in. 

• 
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Job No: 9516-1 
Number:4 

lD Number: 4 

South Gate Engineering LLC 
3" RELIEF 

Date Printed· 6/11/2007 

Nozzle Weld Strength Calculations 

·Attachment Weld Strength per Paragraph UW-16 

Weld 41 tmin =smaller of0.75, t, ortn = smallerof0.75, 0.1687, or0.2160 

(smaller of 0.25 or {tmln * 0.7)) +ext CA 
Weld 41 Leg min.= 

0.7 
= 

0.1181 

0.7 

Weld 43 tmin =smaller of 0.75, t, ortn =smaller of 0.75, 0.1687, or 0.2160 

Vessel Number: VF172-72E 
Mark Number: E 

= 0.1687 in. 

= 0.1687 in. 

Weld 41, actual weld leg= 0.1875 in. 

= 0.1687 in. 

(smallerof0.25or(tmin • 0.7)) + ca (smallerof0.25 or {0.1687 * 0.7)) + 0.0000 0.1181 
Weld 43 Leg min. = = = = 0.1687 in. 

0.7 0.7 0.7 

Unit Stresses per Paragraphs UG-45{c) and UW-15 
Nozzle wall in shear= 0.70 * Sn = 0.70 * 17100 
Upper fillet, Weld 41, in shear= 0.49 • Material Stress= 0.49 • 17100 
Vessel groove weld. in tension= 0.74 *Material Stress= 0.74 • 17100 
Inner fillet, Weld 43, in shear= 0.49 * Material Stress = 0.49 • 17100 

Weld 43, actual weld leg= 0.1875 in. 

= 11970 PSI 
= 8379 PSI 

= 12654 PSI 
= 8379 PSI 

• 

Strength of Connection Elements 
Nozzle wall in shear = Yz * rc • mean nozzle diameter • tn * Nozzle wall In shear unit stress = 

%. 7t • 3.2840 .. 0.2160 .. 11970 = 13300 lb. 
= 8630 lb. 

le 
i 

I 
I 

Upper fillet in shear =%. • rc * Nozzle OD *weld leg • upper fillet in shear unit stress= Yz • n: • 3.5000 • 0.1875 • 8379 
Groove Weld in Tension = %* n: • Nozzle OD .. groove depth • groove weld tension unit stress= 

%*rc * 3.5000 * 0.1250 • 12654 
Inner fillet in shear =%. * 1t .. Nozzle OD *weld leg * inner fillet in shear unit stress=%* rc • 3.5000 * 0.1875 "* 8379 

Load to be carried by welds, per UG-41(b)(1) and Fig. UG-41.1 sketch (a) 
W =[A- A1 + 2 tn fr1(E1t- Ftr)J Sv = [0.0608 -0.4747 + 2 *0.2160 * 0.8550 * (1.00 * 0.1687-1.0000 * 0.0185))* 20000 
W1-1 = (A2 + A5 + A41 + A42) * Sv = (0.1551 + 0.0000 + 0.0301 + 0.0000) * 20000 
W2-2 = {A2 + A3 + A41 + A43 + 2 tnt fr1) Sv = (0.1551 + 0.0693 + 0.0301 + 0.0301 + 2 * 0.2160 * 0.1687 * 0.8550)" 20000 
W3-3 = (A2 + A3 + AS + A41 + A42 + A43 + 2 tn t fr1) * Sv = 

(0.1551 + 0.0693 + 0.0000 + 0.0301 + 0.0000 + 0.0301 + 2 .. 0.2160 .. 0.1687 .. 0.8550) .. 20000 

Check Strength Paths 
Path 1-1 Upper fillet in shear + Nozzle wall in shear = 8630 + 13300 
Path 2-2 = Upper fillet in shear+ Groove weld in tension + Inner fillet in shear = 

8630 + 8690 + 8630 
Path 3-3 = Upper fillet in shear+ Inner fillet in shear+ Groove weld in tension = 8630 + 8630 + 8690 

= 8690 lb. 
= 8630 lb. 

= -7168 lb. 
= 3700 lb. 
= 6940 lb. 

= 6940 lb. 

= 21930 lb. 

= 25950 lb. 
= 25950 lb. 
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South Gate Engineering LLC 
Leg 1 

Customer: SLABY ENVIRONMENTAL, INC. 
Job No: 9516-1 

Mark Number: LEG1 

Date Printed: 6/11/2007 

Leg Information 

Design Temperature: 180 •F 
Material: SA-106 Gr 8 

Condition: 
B.P. to Vessel Attachment Length (L): 

Direction of Applied Force: 
Length of Supports: 

Quantity: 

8.7500 in. 
0 0 

27.5000 in. 
4 

Type: Pipe 
Description: 6" SCH. 40 PIPE LEG 

Pipe I.D.: 6.0650 in. 
Weld Attachment Length Top <Wt): 3.3125 in. 

Weld Leg Dimension (W1): 0.2500 in. 

Base Plate Information 

Design Temperature: 180 •F 
Material: SA-36 

Condition: 
Length: 
Width: 

Leg to B.P. Attachment Factor: 
Effective Length Factor (K): 

10.0000 in. 
12.0000 in. 
0.7500 
1.5000 

Anchor Bolt Information 

Material: SA-193 Gr 87 <=2.5" 
Condition: 
Diameter: 
Quantity: 

Ultimate 28 Day Concrete Strength: 

1.0000 in. 
1 

3000 PSI 

Advanced Pressure Vessel version: 9.2.3 ©Computer Engineering. Inc. Page 19 of 24 

Vessel Number: VFT72-

Factor 8 Chart: 
Material Stress (Hot): 

Material Stress (Cold): 
Modulus of Elasticity: 

Yield Strength: 
Dist. From Reference Line: 

CS-2 
17100 PSI 
17100 PSI 

28.9 106 PSI 
32420 PSI 

12.0000 in. 

Molded to Head Curvature: Yes 

Pipe Thickness: 
Side (W5 ): 

Eccentricity: 

Material Stress (Hot): 
Material Stress (Cold): 

Yield Strength: 
Thickness: 

Bending Coefficient (Crr,): 

Material Stress (Hot): 
Material Stress (Cold): 

Root Area: 
Bolt Circle Diameter: 

0.2800 in. 
18.6250 in. 
3.3125 in. 

16600 PSI 
16600 PSI 
33320 PSI 
0.5000 in. 
1.0000 

25000 PSI 
25000 PSI 

0.5510 sq. in. 
79.3750 in. 

• 
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South Gate Engineering LLC 
Customer: SLABY ENVIRONMENTAL, INC. 

Job No: 9516-1 Vessel Number: VFT72-72E 

Date Printed: 6/11/2007 

ASME Flange Design Information 

Host Description Type Size Material ASME Material MAP 
On.) Class Group (PSI) 

6" 150# NOZZLE A ASME Flange 1 Slip-On 6 SA:105 150 1.1 265.00 
6" NOZZLES ASME Flange 2 Slip-On 6 SA-105 150 1.1 265.00 
3" RELIEF ASME Flange 3 Slip-On 3 SA-105 150 1.1 265.00 

Advanced Pres~ure Vessel version: 9.2.3 ®Computer Engit;~eering, Inc. Page20 of24 Section Vlll, D1v.s•on 1, 2004 Edition, 2006 Addenda 



South Gate Engineering LLC 
Customer: SLABY ENVIRONMENTAL, INC. 

Job No: 9516-1 Vessel Number: VFT72-

Date Printed: 6/1112007 

Loading Summar 
Type Starting Elevation Ending Elevation Density Thickness Wind Diameter Wind Pressure 

Cln.l (in.} (lb./Ft"3) Cin.\ (in.) (lb./ft.2 ) 

Liouid 3.0000 114.0000 62.4300 . . -

• 

•• 
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South Gate Engineering LLC 
Customer: SLABY ENVIRONMENTAL, INC • 

Job No: 9516-1 Vessel Number: VFT72-72E 

Date Printed: 6111/2007 

MDMT Report by Components 
Design MDMT is -20 oF 

Component Material Curve Pressure MDMT 

72" O.D. 72" LG. SHELL SA-516 Gr70 B 10.00 PSI -155 "F 
6" 150# NOZZLE A SA-106 Gr B B 10:00 PSI •155 °F-
6" NOZZLE B SA-106 Gr B B 10.00 PSI -155 "F 

100:6 72" O.D TOP HEAD SA-516 Gr 70 B 10.00 PSI -20 "F 
MANWAY SA-106 GrC B 10.00 PSI -125 "F 
3" RELIEF SA-106 Gr B B 10.00 PSI -155 °F 

72" O.D BOTIOM HEAD SA-516 Gr70 B 10.00 PSI -20 OF 

Component with highest MDMT: 100:6 72" O.D TOP HEAD. 

Computed MDMT = -20 oF 

The required design MDMT of -20 °F has been met or exceeded for the calculated MDMT values. 

ANSI Aanges Are Not Included in MDMT Calculations. 
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South Gate Engineering LLC 
Customer: SLABY ENVIRONMENTAL, INC. 

Job No: 9516-1 

Component 
72" b.D. 72" LG. SHELL 

6" 150# NOZZLE A 
ASME Flange Class: 150 Gr:1.1 

6" NOZZLE B 
ASME Flange Class: 150 Gr.1.1 

100:6 72" 0.0 TOP HEAD 
MANWAY 
3" RELIEF 

ASME Flange Class: 150 Gr:1.1 
72" 0.0 BOTTOM HEAD 

Date Printed: 6/11/2007 

MAWP Report by Components 

Vessel 
MAWP 

Design Static New&Cold 
Pressure Head UG-98(a} 
10.00 PSI 3.20 PSI 69.87 PSI 
10.00 PSI 1.33 PSI 72.97 PSI 

1.33 PSI 283.67 PSI 
10.00 PSI 3.10 PSI 71.20 PSI 

3.10 PSI 281.90 PSI 
10.00 PSI 0.50 PSI 44.62 PSI 
10.00 PSI 0.30 PSI 68.71 PSI 
10.00 PSI 0.30 PSI 93.62 PSI 

0.30 PSI 284.70 PSI 
10.00 PSI 3.80 PSI 41.32 PSI 

NC = Not Calculated Inc = Incomplete 

Summary 

Component with the lowest vessel MAWP{New & Cold): 72" O.D BOTTOM HEAD 
The lowest vessel MAWP{New & Cold) ; 

Component with the lowest vessel MAWP{Hot & Corroded) : 72" 0.0 BOTTOM HEAD 
The lowest vessel MAWP{Hot & Corroded): , 

Pressures are exclusive of any external loads. 

Vessel Number: VFT72-

Component Vessel 
MAWP MAWP 

Hot & Corroded Hot & Corroded 
UG-98(b} UG-98{a} 

73.07 PSI 69.87 PSI 
74.30 PSI 72.97 PSI 

265.00 PSI 263.67 PSI 
74.30 PSI 71.20 PSI 

265.00 PSI 261.90 PSI 
45.12 PSI 44.62 PSI 
69.01 PSI 68.71 PSI 
93.92 PSI 93.62 PSI 

265.00 PSI 264.70 PSI 
45.12 PSI 41.32 PSI 

41.32 PSI 

41.32 

Flange pressures listed here do not consider external loadings 

• 
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South Gate Engineering LLC 

• 
Customer: SLABY ENVIRONMENTAL, INC . 

Job No: 9516-1 Vessel Number: VFT72-72E 

Date Printed: 6/11/2007 

Summary Information 

DrY Weight Flooded Weight 
Shell 861.931b. 11354.62 lb. 
Head 538.331b. 3325.42lb. 
Nozzle 89.251b. 89.251b. 
ANSI Flange 46.00 lb. 46.00 lb. 

Totals 1535.50 lb. 14815.29 lb. 

I Volume 
I Shell 1256.00 Gal. 

Head 334.18 Gal. 
i Nozzle 5.35Gal. I 

I 
I 

Totals 1595.53 Gal. 
: 

Area 
Shell 113.1 0 Sq. Ft. 
Head 70.45 Sq. Ft. 
Nozzle 8.00 Sq. Ft. 

Totals 191.55 Sq. Ft. 

~ 

• Hydrostatic Test Information (UG-99) 
Gauge at Top 

Component with controlling ratio is : 72" O.D. 72" LG. SHELL 
Component with controlling pressure is : 72" O.D. 72" LG. SHELL 

Cold Stress 20000 
Calculated Test Pressure= P * 1.3 * = 10.00 * 1.3 * = 13.00 PSI 

Hot Stress 20000 

I 
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By: 

PfiCO.PUMPS SM 1570-0 Material Data Sheet Date: 12110/2008 
Rev.# 

Project: rrag # P.O.# 
Location: Model: 1570-0 Cust Ref# 
K;ontractor: Qty: AgenURep: 
Engineer: Service: Doc# 

PACO submersible pump model SM offers a flexible option to sump and drainage applications. The 
compact drop in design and rugged Class 30 cast iron construction of the pump and motor make it 
suitable for a variety of below grade pumping applications. 

The semi-open impeller and volute are constructed of Class 30 iron and pump has a heavy duty strainer 
removable for access and inspection. 

PACOs rugged air-filled submersible motor constructed of heavy cast iron features an oversized 
stainless steel shaft, tandem oil-lubricated mechanical seals, a two probe moisture sensing device, 
thennal overload protection and heavy duty ball bearings designed to withstand all radial and thrust 
loads throughout the entire pump operating range. All motors are UL labeled for Class I, Division I, 
Group D making them suitable for hazardous location applications. 

Cord Length 25ft. Impeller Cap Screw S.S., AISI-303 
Casing Cast Iron, ASTM-A48, CL 30 Impeller Washer S.S., AISI-303 
Motor Housing Cast Iron, ASTM A48, CL30 Impeller Key Steel, AISI1045 
Motor Shaft S.S. AISI-416 Seal Type Tandem Seal 
Impeller Cast Iron, ASTM-A48, C1.30 Seal Material CeramicJCarbon/Buna 

http://www .pacopumps.com/Catalog/ViewProdDoc.asp ?State=ProductState&Doc Type=... 12/1 0/2008 



• 
BLANK PAGE 

• 

• 



• 

• 

• 

BARNES® 
INSTALLATION and OPERATION MANUAL 

Submersible Sewage Ejector 

Series: *SE & 3SE-L & DS 
.5, . 75 & 1 HP, 1750RPM, 60 Hz. 

Single and Double Seal 
*(Standard and High Temperature) 

IMPORTANT! Read all instructions in this manual before operating pump. 

[CRANE.[ 
A Crane Co. Company 

As a result of Crane Pumps & Systems, Inc., constant product improvement program, 
product changes may occur. As such Crane Pumps & Systems reserves the right to 
change product without prior written notification. 

PUMPS & SYSTEMS 

420 Th1rd Street 
Piqua. Ohio 45356 
Phone: (937) 778-8947 
Fax (937) 773-7157 
www.cranepumps com 

83 West Drive, Bramton 
Ontario, Canada L6T 2J6 
Phone (905) 457-6223 
Fax· (905) 457-2650 

Form No. 105240-Rev. P 



TABLE OF CONTENTS 

SAFETY FIRST. .. . . . . . . .. . . . . . . . . . .. .................. .. .. ......... ... .. . . . . . . . . .. . . . ............. 3 

A. PUMP SPECIFICATIONS ......... . . .... .4- 6 

B GENERAL INFORMATION ....... . ........ 7 

C. 

D 

E. 

F. 

G. 

INSTALLATION ............... .. .. .......... 7- 9 

ELECTRICAL DATA............. .. .. ........... . ............. .. ... . .............. . .. ..... 9- 10 

START-UP OPERATION .. .. ..... 9 

PREVENTATIVE MAINTENANCE ............. .. ... 11 

SERVICE and REPAIR ................ . .. .................................. 11 - 18 

REPLACEMENT PARTS .... .. ................. 15 

TROUBLE SHOOTING ............ 19 

SE-L & 3SE-L SINGLE SEAL- CROSS-SECTION (Fig. 16). ...20 
SE-L & 3SE-L SINGLE SEAL- EXPLODED VIEW (Fig. 17) .. . .............. 21 

SE-HT SINGLE SEAL- CROSS SECTION (Fig. 18)...................... . ......... 22 
SE-HT SINGLE SEAL- EXPLODED VIEW (Fig. 19)................... . . ......... 23 

3SE-DS DOUBLE SEAL- CROSS-SECTION (Fig. 20). .. .... . ..... ....... .24 
3SE-DS DOUBLE SEAL- EXPLODED VIEW (Fig. 21).............. .... . ........... 25 

PARTS LIST ....... ..... ............ ... .. ............. ............ .. .... . ....... . . .26 - 28 

RETURNED GOODS POLICY.................... ....................... ......... .. ........ 29 
WARRANTY ... ....... .......... ..... .............. . .. .......... . ......................... 30 
START-UP REPORT..... . . .............. .... ........ .. .......... .............. ... .. ......... 33- 34 
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SAFETY FIRST! 
lease Read This Before Installing Or Operating Pump. 

This information is provided for SAFETY and to PREVENT 
EQUIPMENT PROBLEMS. To help recognize this Information, 
observe the following symbols: 

IMPORT ANTI Warns about hazards that can result 
~ in personal•njury or Indicates factors concerned with 
~ assembly, installation, operation, or maintenance which 

could result in damage to the machine or equ1pment 1f 
ignored. 

CAUTION I Warns about hazards that can or will cause minor 
personal injury or property damage 1f 1gnored Used with symbols 
below. 

WARNING I Warns about hazards that can or w111 cause serious 
personal injury, death, or major property damage if 1gnored. Used 
with symbols below. 

Hazardous flu1ds can 
cause lire or explo
Sions, bumes or death 
could result 

~ Biohazard can cause 
[~ serious personal injury. 

Rotatmg machmery 
Amputation or severe 
laceral!on can result. 

~ Extremely hot- Severe 
~ bumes can occur on contact 

Hazardous flwds can Hazard
ous pressure. eroptions or ex
plosions could cause personal 
tnjury or property damage 

I5Jftll Hazardous voltage can l.:1IJ shock, bum or cause death 

Only qualified personnel should mstall, operate and repair 
pump Any wiling of pumps should be performed by a qualified 
electrician 

WARNING ! -To reduce risk of electrical shock, pumps 
and control panels must be property grounded 1n 
accordance With the National Electric Code (NEC) or the 
Canadian Electncal Code (CEC) and all applicable state, 
province, local codes and ordinances. 

WARNING I -To reduce risk of electrical shock, always 
disconnect the pump from the power source before 
handling or serv1cmg. Lock out power and tag 

WARNING! Operation agamst a closed 
discharge valve will cause premature bearing 
and seal failure on any pump, and on end 
suction and self priming pump the heat build 

may cause the generation of steam with resulting dangerous 
pressures. It IS recommended that a h1gh case temperature 
switch or pressure relief valve be mstalled on the pump body. 

~ CAUTION I Never operate a pump with a plug-in type L1IJ power cord Without a ground fault circuit 1nterrupter. 

CAUTION! Pumps build up heat and pressure 
during operation-allow time for pumps to cool 
before handling or serv1cing. 

WARNING! - DO NOT pump hazardous materials 
(flammable, caustic, etc.) unless the pump IS specifically 
designed and designated to handle them 
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~ Do not block or restrict discharge hose, as discharge 
~ hose may whip under pressure. 

WARNING! - DO NOT wear loose clothing that may 
become entangled in the impeller or other mov1ng parts. 

WARNING! - Keep dear of suction and diScharge 
openmgs DO NOT insert fingers in pump with power 
connected 

~ Always wear eye protection when working on pumps. 

Make sure lifting handles are securely fastened each 
time before lifting DO NOT operate pump without 
safety devices in place. Always replace safety devices 
that have been removed during serv1ce or repair. 
Secure the pump in its operating position so II can not 
tip over, fall or slide. 

DO NOT exceed manufacturers recommendation for 
maximum performance, as this could cause the motor 
to overheat. 

DO NOT remove cord and strain relief. Do not connect 
conduit to pump. 

WARNING I Cable should be protected at all times to 
avoid punctures, cut, brUJses and abrasions - 1nspect 
frequently. Never handle connected power cords With 
wet hands. 

WARNING I To reduce nsk of electrical shock, all wiling 
and junctton connections should be made per the NEC 
or CEC and applicable state or province and local 
codes. ReqUirements may vary depending on usage 
and location 

WARNING! Submersible Pumps are not approved for 
use in swimmtng pools, recreational water •nstallattons, 
decorative fountains or any installation where human 
contact with the pumped fluid IS common 

WARNING! Products Returned Must Be Cleaned, 
Sanitized, Or Decontaminated As Necessary Prior 
To Shipment, To Insure That Employees Will Not Be 
Exposed To Health Hazards In Handling Said Material 
All Applicable Laws And Regulations Shall Apply. 

Bronze/brass and bronze/brass fitted pumps may 
contain lead levels h1gher than conSidered safe for 
potable water systems Lead is known to cause cancer 
and birth defects or other reproductive harm. Various 
government agencies have determined that leaded 
copper alloys should not be used in potable water 
applications. For non-leaded copper alloy materials of 
construction, please contact factory. 

IMPORTANT! -Crane Pumps & Systems, Inc is not 
~ responsible for losses, injury, or death resulllng from a 
~ failure to observe these safety precautions, misuse or 

abuse of pumps or equipment. 



SECTION: A- PUMP SPECIFICATIONS: 
2" Pumps (Standard & High Temperature) 

DISCHARGE ••••••••..... 2" NPT, Female, Vertical, Bolt-on Flange 
LIQUID TEMPERATURE: 

Standard •••••••••.•• 104"F (40"C) Continuous 
High Temp ..•..•... 200°F (93°C) Continuous 

VOLUTE •••.•...•.•.•••••••• Cast Iron ASTM A-48, Class 30 
MOTOR HOUSING ••• Cast Iron ASTM A-48, Class 30 
SEAL PLATE ........... Cast Iron ASTM A-48, Class 30 
IMPELLER: 

Design .............. 2 Vane, open. w1th pump out vanes on 
back side. Dynarmcally balanced, ISO G6.3 

Material ............. Cast Iron ASTM A-48, Class 30 
SHAFT ....................... 416 Stainless Steel 
SQUARE RINGS ....... Buna-N 
HARDWARE ............. 300 Senes Stainless Steel 
PAINT ........................ Air Dry Enamel 
SEAL: 

Design .............. Single Mechamcal 
Material .............. Carbon/Ceram1c/Buna-N 

Hardware -300 Senes Stainless 
CORD ENTRY ........... 30ft. (9.1m) Cord with plug on 120 volt 

& 5HP, 240 volt, 1 phase. Quick connect 
custom molded for sealing and stra1n 
relief 

SPEED ...................... 1750 RPM (Nommal) 
UPPER BEARING ..... Single Row. Ball, Oil lubricated 

Load ................... Radial 
LOWER BEARING .... Smgle Row, Ball, Oil lubricated 

Load ................... Radial & Thrust 
MOTOR: 

Design .............. NEMA L -Single Phase, NEMA B -Three 
phase Torque Curve, Oil Filled. Squirrel 
Cage Induction 

lnsulation ........... Ciass B, Class F for High Temp 
SINGLE PHASE ........ Permanent Split Capacitor (PSC) 

Includes Overload Protection in Motor 
THREE PHASE ......... 200-240/480 is Tri-Voltage notor 600V. 

ReqUires overload Protection to be 
included 1n control panel 

LEVEL CONTROL .... "A" -Wide Angle, PVC, Mechamcal, 
15ft (5m) cord with P1ggy-Back Plug, N/0 
"AU"- Wide Angle, Polypropylene, 
Mechanical, N/0 Integral to pump. 
ON and OFF Points are adjustable 

OPTIONAL EQUIPMENT Seal Material, Impeller Trims, 
Additional cord, Normally Closed Temperature Sensors with 
cord for 3 phase pumps (Requires relay in control panel). 
*Inlet Strainer for H1gh Temperature Models. 

(*) 3/4" Spherical sohds handling w1th optionalmlet stainer. 

IMPORTANT 1- High Temperature 
1.) PUMP MAY BE OPERATED "DRY" FOR EXTENDED PERIODS WITHOUT 

DAMAGE TO MOTOR AND/OR SEALS 
2) THIS PUMP IS NOT APPROPRIATE FOR THOSE APPLICATIONS 

SPECIFIED AS CLASS I DIVISION I HAZARDOUS LOCATIONS. 
3) INSTALLATIONS SUCH AS DECORATIVE FOUNTAINS OR WATER 

FEATURES PROVIDED FOR VISUAL ENJOYMENT MUST BE INSTALLED 
IN ACCORDANCE WITH THE NATIONAL ELECTRIC CODE ANSIINFPA 
70 AND/OR THE AUTHORITY HAVING JURISDICTION THIS PUMP IS 
NOT INTENDED FOR USE IN S'IIIIMMING POOLS, RECREATIONAL 
WATER PARKS, OR INSTALLATIONS IN WHICH HUMAN CONTACT WITH 
PUMPED MEDIA IS A COMMON OCCURRENCE 

4 ) MUST USE A HIGH TEMPERATURE 'II/IDE ANGLE LEVEL CONTROL IN 
HIGH TEMPERATURE APPLICATIONS 
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3" Pumps 

DISCHARGE ............ 3" NPT, Female, Vertical, Bolt-on Flange 
LIQUID TEMP ........... 104°F (40"C) Continuous 
VOLUTE .................... Cast Iron ASTM A-48, Class 30 
MOTOR HOUSING ••• Cast Iron ASTM A-48, Class 30 
SEAL PLATE ........... Cast Iron ASTM A-48, Class 30 
IMPELLER: 

Design ............... 2 Vane, open, with pump out vanes on 
back side Dynamically balanced, ISO G6.3 

Materiai ............. Cast Iron ASTM A-48, Class 30 
SHAFT ..................... 416 Stainless Steel 
SQUARE RINGS ....... Buna-N 
HARDWARE ............. 300 Series Stamless Steel 
PAINT ........................ Air Dry Enamel 
SEAL: 

Destgn .............. Single Mechanical or Tandem Mechanical 
with Oil Filled Reservoir 

Malena/ .............. Carbon/Ceramic/Buna-N 
Hardware -300 Series Stainless 

CORD ENTRY ............. 30ft (91m) Cord. Plug on 120 Volt & 
5HP. 240 Volt 1 Phase. Quick connect 
custom molded for sealing and stra1n 
relief 

SPEED ...................... 1750 RPM (Nominal) 
UPPER BEARING ..... Single Row, Ball, Oil lubricated 

Load ................... Radial 
LOWER BEARING .... Single Row, Ball, Olllubncated 

Load ................... Radial & Thrust 
MOTOR: 

Design .............. NEMA L -Single Phase, NEMA B -Three 
phase Torque Curve, Oil Filled. SqUirrel 
Cage Induction 

Insulation ........... Class B 
SINGLE PHASE ........ Permanent Split Capacitor (PSC) 

Includes Overload Protection in Motor 
THREE PHASE ............ 200-240/480 is Tri-Voltage. SOOV. Requires 

Overload Protection to be included in 
control panel 

OPTIONAL EQUIPMENT ..... Seal Material, Impeller Trims, 
Additional cord, Normally Closed Temperature Sensors w1th 
cord for 3 phase pumps (Requires relay in control panel), 
Normally Open Moisture Sensor w1th cord for OS pumps. 

IMPORTANT I - Standard Temperature 
1.) PUMP MAY BE OPERATED 'DRY" FOR EXTENDED PERIODS WITHOUT 

DAMAGE TO MOTOR AND/OR SEALS 
2) THIS PUMP IS APPROPRIATE FOR THOSE APPLICATIONS SPECIFIED 

AS CLASS I DIVISION II HAZARDOUS LOCATIONS. 
3) THIS PUMP IS NOT APPROPRIATE FOR THOSE APPLICATIONS 

SPECIFIED AS CLASS I DIVISION I HAZARDOUS LOCATIONS. 
4.) INSTALLATIONS SUCH AS DECORATIVE FOUNTAINS OR WATER 

FEATURES PROVIDED FOR VISUAL ENJOYMENT MUST BE INSTALLED 
IN ACCORDANCE 'IIIlTH THE NATIONAL ELECTRIC CODE ANSI/NFPA 70 
AND/OR THE AUTHORITY HAVING JURISDICTION THIS PUMP IS NOT 
INTENDED FOR USE IN SWIMMING POOLS, RECREATIONAL WATER 
PARKS, OR INSTALLATIONS IN WHICH HUMAN CONTACT 'IIIlTH 
PUMPED MEDIA IS A COMMON OCCURRENCE 
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Plugs for 120 Volt 
and 5Hp, 240 

Volt Single Phase 
Models. 

Plugs for 120 Volt 
and .5Hp, 240 

Volt S1ngle Phase 
Models. 

SE & SE-HT, Single Seal 

16.63 
(473) 

,__ ___ 12.63 ---~ 
(321) 

SE-A & SE-HTA, Single Seal 

18.63 
(473) 9. 5 

(248) 

SE-AU & SE-HTAU, Single Seal 

5 

16.63 
(473) 

,_ ___ 12.63 -------~ 
,_ (321) 

9.75 
(248) 

9 5 
(248) 



Plugs for 120 Volt 
and .5Hp, 240 

Volt Single Phase 
Models 

Plugs for 120 Volt 
and .5Hp, 240 

Volt Single Phase 
Models. 

3SE-L, Single Seal 

18.63 
(473) 

t--____ 13.19 ___ ~-~ 
(335) 

6.25 2.06 I (,.,,----r--+-- (52) 

t 
4.88 
(124) 

l _ _j 9.75 

9.03 
(229) 

3SE-DS, Double Seal 

9.03 
(229) 

20.34 
(517} 

6 

1-4--____ 13.99 ----"'"i 
(355) 

___ _...2.06 

(52) 

4.88 
(124) 

J 

(248 

9.75 
(248 
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SECTION 8: GENERAL INFORMATION 

B-1) To the Purchaser: 
Congratulations! You are the owner of one of the finest pumps 
on the market today. CP&S pumps are products eng1neered 
and manufactured of high quality components. Over one 
hundred years of pump building experience along with a 
continuing quality assurance program comb1ne to produce a 
pump which will stand up to the toughest applications. This 
manual Will provide helpful information concern1ng installation, 
ma1ntenance, and proper service guidelines. 

B-2) Receiving: 
Upon receiving the pump, 1t should be inspected for damage 
or shortages. If damage has occurred, file a claim immediately 
w1th the company that delivered the pump. If the manual 
is removed from the packaging, do not lose or misplace 

B-3) Storage: 
Short Term- CP&S Pumps are manufactured for efficient 
performance following short inoperative penods in storage. 
For best results, pumps can be retained in storage, as factory 
assembled, in a dry atmosphere w1th constant temperatures 
for up to six (6) months. Long Term- Any length of time 
exceeding six (6) months, but not more than twenty-four (24) 
months. The umt should be stored 1n a temperature controlled 
area, a roofed over walled enclosure that prov1des protection 
from the elements (ra1n, snow, wind-blown dust, etc.), and 
whose temperature can be mamtamed between +40 deg. F 
and +120 deg F (4.4 - 49°C). Pump should be stored in 1ts 
original shipping container. On imt1al start up, rotate impeller 
by hand to assure seal and impeller rotate freely. If it 1s 
required that the pump be installed and tested before the long 
term storage begms, such installation Will be allowed provided: 

1.) The pump is not Installed under water for more than 
one (1) month. 

2 ) Immediately upon satisfactory completion of the test, 
the pump 1s removed, thoroughly dried, repacked in the 
ongmal shippmg contamer, and placed in a temperature 
controlled storage area. 

B-4) Service Centers: 
For the location of the nearest Barnes Serv1ce Center check 
your Barnes representative or Crane Pumps & Syste~s. Inc., 
Service Department in Piqua, Ohio, telephone (937) 778-8947 
or Crane Pumps & Systems Canada, in Brampton, Ontario, 
(905) 457-6223 

SECTION C: INSTALLATION 

C-1) Location: 
These pumping umts are self-contained and are recommended 
for use in a sump, lift stat1on or basin. The sump, lift stat1on or 
basin shall be vented in accordance with local plumbmg codes. 
This pump is designed to pump sewage, effluent, or other 
nonexplosive or noncorrosive wastewater. and shall NOT be 
installed in locat1ons classified as hazardous in accordance 
with the National Electrical Code (NEC), ANSI/NFPA 70 or the 
Canadian Electrical Code (CEC) Never install the pump in a 
trench, ditch or hole with a dirt bottom; the legs will sink 1nto the 
dirt and the suction will become plugged. 
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C-1.1) Submergence: 
It is recommended that the pump be operated in the submerged 
condition and the sump 11qu1d level should never be less than 
10 mches above the pump bottom (see F1g. 1 ). 

FIGURE 1 

C-2) Discharge: 

RECOMMENDED 
SUBMERGENCE 

LEVEL 

MINIMUM 
SUBMERGENCE 

LEVEL 

BOTTOM OF FEET 

10.00" 
(254) 

Discharge piping should be as short as possible. Both a check 
valve and a shut-off valve are recommended for each pump 
bemg used. The check valve is used to prevent backflow 
into the sump Excessive backflow can cause flood1ng 
and/or damage to the pump The shut-off valve is used to 
stop system flow during pump or check valve servicing. 

Barnes Pumps supplies a Stainless Ra1l Package for the 
2" models and also a variety of 2" and 3" break-away fitting 
discharge systems designed to allow the submersible 
wastewater pump to be Installed or removed w1thout requiring 
personnel to enter the wet well. Contact your local Barnes 
Pumps distributor for complete details. 

Stainless Rail Package (Not Shown) - The package system 
comes complete and ready to place into the ground as outlined 
1n the project specifications. The moveable portion of the Break 
Away F1ttmg (BAF), check valve, piping and guide bracket 
comes assembled on the pump along w1th the l1ft1ng cord. 
Insert pump bracket and moveable portion of BAF into the 
guide channel and lower pump into basin (DO NOT DROP) 
Now connect power and control cords to the junction box or 
control panel depending on system design 

C-3) Liquid Level Controls: 
The level controls are to be supported by a mounting bracket that 
1s attached to the sump wall, cover or junct1on box. Cord gnps 
are used to hold the cords in place on the mounting bracket. 
The control level can be changed by loosemng the gnp and 
adjustmg the cord length as per the plans and specifications. 
Be certain that the level controls cannot hang up or foul in it's 
swing and that the pump 1s completely submerged when the 
level control is in the "Off" mode. 



Figure 2 shows a typical installation of an "A" version float, 
(an "AU" version will attach to the pump), using a piggy-back 
plug. 

TYPICAL INSTALLATION WITH WIDE ANGLE 
LEVEL CONTROL 

GFI WALL SOCKET 

~ 
GATE VALVE 

VENT 

INFLOW ---+-CHECK 
VALVE 

OFF 

FIGURE 2 

General Comments: 
1) Never work 1n the sump with the power on 

2) Level controls are factory set for a pumping differential of 9 
inches. If that is the cycle desired, s1mply circle the discharge 
pipe With the pipe mountrng strap, feed the end through the 
worm drive, and trghten with a screwdriver. Be certain that the 
level control cannot hang up or foul in it's swing. Also, make 
certarn the pump Impeller is still submerged when the level 
control is in the 'off' mode. 

3) If a higher pump differential is needed, grip the cord near 
the neck of the float, then using the other hand, exert a 
steady force on the lower edge of the cable clamp. The cable 
clamp should slide up to the new pivot point. Attach the level 
control to the discharge hose in the manner descnbed above 

4) Plug the level control plug into the receptacle, then plug 
the pump into the piggyback plug. One cycle of operat1on 
should be observed, so that any potential problems can be 
corrected. 

5) It is recommended that the float should be set to insure 
that the sump well liquid level never drops below the top of 
the motor housing. 

6.) F1gure 3 shows a typical connection for pumps with 
the w1de angle float and piggy-back plug. For manual and 
automatic operations. 
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Manual 

FIGURE 3 

Automatic-

Manual-

Plug float cord into outlet, then plug pump 
cord into float cord. 
Plug pump cord directly mt outlet. 

C-4) Electrical Connections: 
C-4.1) Power and Control Cable: 
The cord assembly mounted to the pump must not be mod1f1ed 
m any way except for shortening to a specific application. 
Any splice between the pump and the control panel must be 
made rn accordance with all applicable electric codes. It is 
recommended that a junction box, 1f used, be mounted outside 
the sump or be of at least Nema 4 (EEMAC-4) construction if 
located w1thm the wet well. Do not use the power or control 
cable to lift pump. NOTE: The white wire is NOT a neutral 
or ground lead, but a power carrying conductor. 

C-4.2) Overload Protection : 
C-4.2-1) Three Phase (Optional) -The normally closed 
(N/C) thermal sensor is embedded in the motor windmgs and 
w111 detect excessive heat in the event an overload cond1tron 
occurs The thermal sensor will trip when the windings become 
too hot and w111 automatrcally reset 1tself when the pump motor 
cools to a safe temperature. It 1s recommended that the thermal 
sensor be connected in series to an alarm device to alert the 
operator of an overload conditron, and/or the motor starter coil 
to stop the pump. In the event of an overload, the source of this 
condition should be determined and rectified immediately. DO 
NOT LET THE PUMP CYCLE OR RUN IF AN OVERLOAD 
CONDITION OCCURS I 

• 

• 

• 
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C-4.2-2) Single Phase (Standard) - The type of m-wrnding 
overload protector used is referred to as an rnherent overheating 
protector and operates on the combrned effect of temperature 
and current. This means that the overload protector will trip 
out and shut the pump off if the wrndrngs become too hot, or 
the load current passing through them becomes too h1gh It 
will then automatically reset and start the pump up after the 
motor cools to a safe temperature. In the event of an overload, 
the source of this condition should be determined and rectified 
immediately. DO NOT LET THE PUMP CYCLE OR RUN IF 
AN OVERLOAD CONDITION OCCURS I 

If current through the temperature sensor exceeds the values 
listed, an intermediate control circuit relay must be used 
to reduce the current or the sensor will not work properly. 

TEMPERATURE SENSOR ELECTRICAL RATINGS 

Volts Continuous Inrush 
Amperes Amperes 

110-120 3 00 30.0 
220-240 1.50 15.0 
440-480 0 75 75 

600 0.60 6.0 

C-4.3) Moisture Sensors- DS Models: (Optional) 
A normally open (N/0) detector IS installed in the pump 
seal chamber whrch will detect any moisture present. It IS 
recommended that this detector be connected in series to an 
alarm device or the motor started coil to alert the operator that a 
moisture detect has occurred. In the event of a morsture detect, 
check the individual moisture sensor probe leads for continuity, 
("" resistance= no mo1sture) and the junction box/control box 
for moisture content The above srtuations may induce a false 
signal in the moisture detecting c1rcuit. If none of the above 
tests prove conclusive, the pump(s) should be pulled and the 
source of the failure identified and reparred IF A MOISTURE 
DETECT HAS OCCURRED SCHEDULE MAINTENANCE AS 
SOON AS POSSIBLE. 

C-4.4) Wire Size: 
Consult a qualified electrician for proper wire size rf additional 
power cord length is required. See table on pages 9 and 1 0 
for electrical information 

SECTION: D START-UP OPERATION 

D-1) Check Voltage and Phase: 
Before operating pump, compare the voltage and phase 
inforrnatron stamped on the pump identification plate to the 
available power. 

Windrng Resistance ± 5%, measured from terminal block. 
Pump rated for operation at± 10% voltage at motor 

2" Pumps ONLY: 
Mechanical Switch on SE51A, Cable 16/2, SJOW, 0.320 (8.1 mm) 
0 D. Piggy-Back Plug. 

Mechanical Switch on SE51AU & SE52AU, Cable 14/2, SJOW, 
0.345 (8.8 mm) O.D. 

OPnONAL • Motsture Sensor cable for DS models is 1815, SOW, 
0.470 (11 9 mm) 0 D 

OPTIONAL- Temperature Sensor cable for 3 phase models is 14/3 

D-2) Check Pump Rotation: 
Before puttrng pump into service for the first time, the motor 
rotation must be checked. Improper motor rotation can 
result in poor pump performance and can damage the motor 
and/or pump. To check the rotation. suspend the pump 
freely, momentarrly apply power and observe the "kickback". 
"Kickback" should always be in a counter-clockwise d1rect1on 
as viewed from the top of the pump motor housing. 

D-2.1) Incorrect Rotation for Three-Phase Pumps: 
In the event that the rotation is incorrect for a three-phase 
installation, rnterchange any two power cord leads at the 
control box. DO NOT change leads in the cord housing in the 
motor. Recheck the "kickback" rotat1on again by momentarily 
applying power. 

D-2.2) Incorrect Rotation for Single-Phase Pumps: 
In the unlikely event that the rotation is rncorrect for a single 
phase pump, contact a Barnes Pumps Service Center. 

D-3) Start-Up Report: 
Included at the end of this manual is a start-up report form, 
thiS form rs to be completed as applicord. Return one copy to 
Barnes Pumps, Inc and store a copy rn the control panel or 
with the pump manual1f no control panel rs used. lt is important 
to record thiS data at initial start-up since it will be useful to 
refer to should servictng the pump be required in the future. 

D-3.1) Identification Plate: 
Record the numbers from the pump identification plate on both 
START-UP REPORT prov1ded at the end of the manual for 
future reference 

D-3.2) Insulation Test: 
Before the pump is put into serv1ce, an 1nsulatron (megger) 
test should be performed on the motor. The resrstance values 
(ohms) as well as the voltage (volts) and current (amps) should 
be recorded on the start-up report. 

D-3.3) Pump-Down Test: 
After the pump has been properly wired and lowered into the 
basin, sump or lift station, rt 1s advtsable to check the system 
by filling w1th liquid and allowing the pump to operate through 
its pumping cycle The time needed to empty the system, or 
pump-down time along with the volume of water, should be 
recorded on the start-up report. 

FRANKLIN MOTOR: 
(*) When checking winding resistance of these motors, 
disconnect leads to solid state switch. Once leads have been dis
connected, resistance should read as follows: 

(2MAINS) Yellow & Blue = 1. 79 ohms 
Grey & Orange = 1 79 ohms 

(START WINDINGS) Red & Orange = 5.99 ohms. 

G.E. MOTORS: 
(•) When checking winding resistance of these motors. resistance 
should read as follows: 

SOW, 0.530 (13.5 mm) 0 D. (2MAINS) White (T2) & Brown (P2) = 1 64 
Orange (T3) & Yellow (T4) = 1.64 

OPTIONAL - Moisture & Temperature Sensor cable for 3 phase DS (START WINDINGS) Orange (T3) & Black (T5) = 3.05 
models is 18/5, SOW, 0.470 (11.9 mm) O.D. 
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MODEL HP VOLT/PH Hz RPM NEMA FULL LOCKED CORD CORD CORD WINDING RESISTANCE 
NO (Nom) START LOAD ROTOR SIZE TYPE O.D Emerson Franklin G.E. 

CODE AMPS AMPS inch (mm) Main-Start Main-Start Main-Start 
SE51 0.5 120/1 60 1750 F 11.6 21.3 14/3 SJTOW 0 375 (9.5) 1.51-16.10 

SE51A 0.5 120/1 60 1750 F 11.6 21.3 14/3 SJTOW 0 375 (9.5) 1.51 -16.10 • SE51AU 0.5 120/1 60 1750 F 11 6 21.3 14/3 SJTOW 0.375 (9.5) 1.51-1610 

SE52 0.5 240/1 60 1750 J 5.9 14.9 14/3 sow 0.530 (13.5) 3.38-9.30 5 69- 18.74 

SE52AU 0.5 240/1 60 1750 J 5.9 14.9 14/3 sow 0 530 (13.5) 3.38-9 30 5.69-18.74 

SE594L 0.5 200-240/3 60 1750 H/L 3.2/3.0 9.8/11.0 14/4 sow 0 570 (14 5) 10.20 13.00 

SE544L 0.5 480/3 60 1750 K 1.5 5.3 14/4 sow 0.570 (14.5) 40.80 52 00 

SE554L 0.5 600/3 60 1750 H 1.0 34 414 sow 0.570 (14 5) 77.60 89.76 

SE774L 0.75 200-240/1 60 1750 G/K 7.4n.o 21.5/25.8 sow 0.530 (13.5) 1 86- 10.20 2.74- 10 56 

SE794L 0.75 200-240/3 60 1750 H/K 4.8/4.5 13 7/15.4 14/4 sow 0.570 (14 5) 5.49 6.28 

SE744L 075 480/3 60 1750 K 2.2 77 1 sow 0.570 (14.5) 21.96 24 51 

SE754L 075 600/3 60 1750 L 1.5 7.2 14/ sow 0.570 (14.5) 34.36 36.60 

SE1074L ~ 200-240/1 60 1750 DIG 8.8/8 3 21.5/25.8 14/ sow 0.530 (13.5) 1.86-10.20 2.74- 10 56 

SE1094L 200-240/3 60 1750 E/H 5.1/4 9 13.7/15.4 14/4 sow 0.570 (14.5) 549 6.28 

SE1044L 1 0 480/3 60 1750 H 2.4 7.7 14/4 sow 0 570 (14 5) 21.96 24 51 

SE1054L 1 0 600/3 60 1750 J 19 7.2 14/4 sow 0.570 (1 34 36 36 60 

SE51HT · 0.5 120/1 60 1750 R 17 0 63 8 14/3 sow 0.530 (13.5) . . 
SE51HTA 05 120/1 60 1750 R 17 0 63.8 14/3 sow 0.530 (13.5) . . 
SE51HTAU 05 120/1 60 1750 R 17.0 63.8 14/3 sow 0.530 (13 5) . . 
SE52HT 0.5 240/1 60 1750 R 8.5 30 1 14/3 sow 0.530 (13.5) . . 
SE52HTAU 0.5 240/1 60 1750 R 8.5 30.1 14/3 sow 0 530 (13.5) . . 
3SE514L 0.5 12011 60 1750 F 11.6 21.3 14/3 SJTOW 0 375 (9 5) 1.51- 16.10 

3SE524L 05 240/1 60 1750 J 5.9 14.9 14/3 sow 0 530 (13.5) 3.38-9 30 5.69-18.74 

3SE594L 0.5 200-240/3 60 1750 H/L 3.2/3.0 9 8/11.0 14/4 sow 0 570 (14.5) 10.20 13.00 

3SE544L 0.5 480/3 60 1750 K 1.5 5.3 14/4 E 0.570 (14.5) .40.80 52.00 

3SE554L 0.5 600/3 60 1750 H 1.0 34 14/4 sow 0.570 (14.5) 77 60 89.76 • 
3SE774L 0.75 200-240/1 60 1750 G/K 74n.o 21.5/25 8 14/3 sow 0.530 (13.5) 1.86- 10.20 2.74- 10.56 

3SE794L 0.75 200-240/3 60 1750 H/K 4 8/4.5 137/15.4 14/4 sow 0.570 (14.5) 5.49 628 

3SE744L 0.75 480/3 60 1750 K 2.2 7.7 14/4 sow 0.570 (14.5) 21.96 24.51 

3SE754L 0.75 600/3 60 1750 L 1.5 7.2 14/4 sow 0 570 (14.5) 3436 36.60 

3SE1074L 1 0 200-240/1 60 1750 D/G 8 8/8.3 21 5125.8 14/3 sow 0.530 (13.5) 1.86- 10.20 2.74- 10.56 

:3sE,1o94L) (1.Q) {zoQ-=~4013' ~f!O: (1i50) (EIA) :s;j4/4.9 '13,w5.i$; ~1413) (soW; (0.576 (14.5) (5:"49) (6:28} 

3SE1044L 1.0 60 1750 H 2.4 7.7 14/4 sow 0.570 (14.5) 21.96 24.51 

3SE1054L 1.0 I 600/3 60 1750 J 1.9 7.2 14/4 sow 0 570 (14.5) 34.36 36.60 

3SE514DS 0.5 120/1 60 1750 F 11.6 21 3 14/3 SJTOW 0.375 (9 5) 1.51 -16.10 

3SE524DS 05 240/1 60 1750 J 5.9 14.9 14/3 sow 0.530 (13.5) 3.38-9.30 5.69- 18.74 

3SE594DS 05 200-240/3 60 1750 H/L 3 2/3.0 9.8/11.0 14/4 sow 0.570 (14.5) 10.20 1300 

3SE544DS 0.5 480/3 60 1750 K 1.5 5.3 14/4 sow 0.570 (14 5) 40.80 52.00 

3SE554DS 0.5 600/3 60 1750 H 1.0 34 14/4 sow 0.570 (14.5) 77.60 89.76 

3SE774DS 075 200-240/1 60 1750 G/K 7.4n.o 21 5/25.8 14/3 sow 0.530 (13.5) 1.86-10.20 2.74- 10.56 

3SE794DS 075 200-240/3 60 1750 H/K 4 8/4.5 13 7/15.4 14/4 sow 0 570 (14 5) 5.49 6.28 

3SE744DS 0.75 480/3 60 1750 K 2.2 77 14/4 sow 0.570 (14.5) 21.96 24.51 

3SE754DS 0.75 600/3 60 1750 L 1.5 7.2 14/4 sow 0.570 (14.5) 34.36 36.60 

3SE1074DS 1.0 200-240/1 60 1750 D/G 8 8/8.3 21 5125.8 14/3 sow 0 530 (13.5) 1 86- 10.20 2.74- 10.56 

3SE1094DS 1.0 200-240/3 60 1750 EIH 514/4.9 13 7/15.4 14/3 sow 0.570 (14.5) 549 6.28 

3SE1044DS 1.0 480/3 60 1750 H 24 7.7 14/4 sow 0.570 (14.5) 21.96 24.51 

3SE1054DS 1.0 600/3 60 1750 J 1.9 7.2 14/4 sow 0.570 (14 5) 34.36 36.60 

(*) See page 9 • 
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SECTION E: PREVENTATIVE MAINTENANCE 
As the motor is oil filled, no lubrication or other maintenance 
1s required, and generally Barnes Pumps will g1ve very 
reliable service and can be expected to operate for years on 
normal sewage pumpmg without failing. However as w1th any 
mechanical p1ece of equipment a prevent1ve maintenance 
program is recommended and suggested to include the 
following checks. 

1) Inspect motor chamber for oil level and contamination 
and repair as requ1red per section F-1. 

2) Inspect impeller and body for excessive build-up or 
clogg1ng and repair as requ1red per sect1on F-2. 

3) Inspect motor and bearings and replace as required 
per section F-3. 

4) Inspect seal for wear or leakage and repa1r as required 
per section F-4. 

SECTION F: SERVICE AND REPAIR 
NOTE: All item numbers in ()refer to Figures 16 thru 21 

F-1) Lubrication: 
Anyt1me the pump is removed from operat1on, the cooling 011 in 
the motor housmg (6) should be checked visually for oil level 
and contamination. 

F-1.1) Checking Oil: 
Motor Housing - To check oil, set un1t upright. Remove pipe 
plug (39) from housing (6). With a flashlight, visually inspect 
the oil in the motor housing (6) to make sure it is clean and 
clear, light amber in color and free from suspended part1cles 
Milky white oil indicates the presence of water. Oil level should 
be JUSt above the motor when pump 1s in vertical posit1on. 

F-1.2) Testing Oil: 
1.) Place pump on it's side, remove p1pe plug (39), from motor 

housing (6) and drain oil into a clean, dry container 
2.) Check oil for contamination using an oil tester with a 

range to 30 Kilovolts breakdown. 
3 ) If oil is found to be clean and uncontaminated (measuring 

above 15 KV. breakdown), refill the motor housing as per 
section F-1 .4. 

4 ) If oil1s found to be dirty or contaminated (or measures 
below 15 KV. breakdown), the the pump must be carefully 
inspected for leaks at the shaft seal (28), cable assemblies 
(16) and (56 if used), square ring (27) and p1pe plug (39), 
before refilling with oil. To locate the leak, perform a 
pressure test as per sect1on F-1.3. After leak is 
repa1red, dispose of old oil properly, and refill with new 011 
as per section F-1 4. 

F-1.3) Pressure Test: 
Pumps that have been disassembled, Motor Housing - If 
the pump has been disassembled, the oil should be drained 
before a pressure test, as described in sect1on F-1. 1 Remove 
pipe plug (39) from motor housing (6). Apply pipe sealant to 
pressure gauge assembly and tighten into hole (See Figure 
4) Pressurize motor housmg to 10 P.S.I. Use soap solution 
around the sealed areas and mspect jomts for "air bubbles". 
If, after five m1nutes, the pressure is still holding constant, 
and no "bubbles" are observed, slowly bleed the pressure 
and remove the gauge assembly. Replace oil as described 
in sect1on F-1.4. If the pressure does not hold, then the leak 
must be located and repaired. 
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PRESSURE GAUGE ASSY 

(SEE PARTS UST) \ 

~10PSIAIR 

~t__ 
REMOVE PLUG ~ . j l 

FIGURE 4 

10 PSI AIR 

REMOVE PLUG ~ 

/~! 
~ 
NOTE: THIS PLUG FOR 
"DS'' MODELS ONLY 

Pumps that have NOT been disassembled, Motor 
Housing - The pressure test may be done w1th the oil at its 
normal level. Remove p1pe plug (39) from motor housing (6). 
Apply pipe sealant to pressure gauge assembly and tighten 
mto hole (see Figure 4). Pressurize motor housing to 10 P S.l. 
Use soap solut1on around the sealed areas above the Oil level 
and inspect joints for "air bubbles" For sealed areas below 
the oil level, leaks will seep 011 

If, after five m1nutes, the pressure IS still hold1ng constant, 
and no "bubbles" foil seepage is observed, slowly bleed the 
pressure and remove the gauge assembly If the pressure 
does not hold, then the leak must be located and repa1red 

Seal Chamber (OS Units Only)- Set unit on its s1de with 
fill plug (44) downward, remove plug {44) and drain all oil 
from seal chamber Apply p1pe sealant to pressure gauge 
assembly and tighten into hole in outer seal plate (29). 
Pressurize seal chamber to 10 P.S I and check for leaks as 
outlined above 

CAUTION I - Pressure builds up extremely 
fast, increase pressure by "TAPPING" air 
nozzle. Too much pressure will damage 
seal. DO NOT exceed 10 P.S.I. 

F-1.4) Replacing Oil: 
Motor Housing- Set unit upright and refill with new cooling 
011 as per Table 1 (see parts list for amount). Fill to just above 
motor as an air space must remain m the top of the motor 
housing to compensate for oil expansion (see Fig 16, 18 or 
20). Apply p1pe thread compound to threads of pipe plug (39) 
then assemble to motor housing {6). 

.4\. IMPORTANT/ - For single phase units, oil level 
~ should be below capacitor. 



,., 

Seal Chamber (OS Units Only)- Set unit on its side, with 
plug (44) upward, and refill with new oil as per Table 1 (see 
parts list for amount). Apply pipe thread compound to threads 
of pipe plug (44) and assemble to outer seal plate (29). 

WARNING I - DO NOT ovetfi/1 oil. 
Ovetfilling of motor housing with oil can 
create excessive and dangerous hydraulic 
pressure which can destroy the pump 
and create a hazard. OVetfilling oil voids 
warranty. 

TABLE 1 - COOLING OIL - Dielectric 

SUPPLIER GRADE 
BP Enerpar SE100 
Conoco Pale Paraff1n 22 

Mobile D T E Oil Light 
G&GOil Circulating 22 

Imperial 011 Voltesso-35 
Shell Canada Transformer-10 
Texaco Diala-Oii-AX 

Woco Premium 100 

F-2) Impeller and Volute Service: 
F-2.1) Disassembly and Inspection: 
To clean out volute (1) or replace Impeller (33), disconnect 
power, remove hex bolts (26), and lockwashers (12), 
vertically lift motor and seal plate assembly from volute 
(1) see Figure 5 Clean out body if necessary. Clean and 
examine Impeller (33), for pitting or wear and replace if 
required, Inspect gasket (36) and replace if cut or damaged. 
If the Impeller (33) needs replacing, place a flat screwdnver 
in the slot of the end of the shaft to hold the shaft stationary 
while unscrewing the Impeller (33). 

FIGURE 5 

F-2.2) Reassembly: 
To install impeller (33), clean the threads with thread 
locking compound cleaner. Apply removable Loct1te® 609 
or equivalent to shaft threads. Screw impeller onto the shaft 
hand tight wh1le using a screwdriver in the slot at the end of 
the shaft to hold 1t stationary. 
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It is Important that the spnng of the lower shaft seal (28) 
seats 1n the hub of the impeller (33). Rotate impeller to check 
for binding. Position gasket (36) on volute flange and position 
impeller and motor housing on volute (1). Pos1t1on lockwasher 
(12) on cap screw (26) and screw into volute (1). Torque to 
100 in-lbs Check for free rotation of motor and impeller. 

F-3) Shaft Seal Service: 

~ CAUTION I • Handle seal parts with extreme care. 
~DO NOT scratch or mar lapped surfaces. 

F-3.1) Disassembly and Inspection: 
Outer Seal (All Units) -To expose shaft seal (28) for 
examination, disassemble volute and impeller as outlined in 
paragraph F-2.1. If further repair is required, remove reta1ning 
nng (28d), spnng (28c) and rotating member (28b) from shaft 
(see Figure 6 & 7). Examine all seal parts and especially 
contact faces Inspect seal for signs of wear such as uneven 
wear pattern on stationary members, ch1ps and scratches 
on either seal face DO NOT interchange seal components, 
replace the ent1re shaft seal (28). If replacing seal, remove 
stat1onary (28a) by prying out with flat screwdriver 

MOTOR END 
(INBOARD END) 

t 
STATIONARY 
(28a) 

ROTATING 
t:ia..-J:~>t-- MEMBER 

PUMP END 
(OUTBOARD END) 

FIGURE 6 - SINGLE SEAL 
MOTOR END 

{INBOARD END) 

(28b) 

SPRING (28c) 

RETAINING 
RING(28d) 

STATIONARY (28a) 

ROTATING MEMBER {28b) 

SPRING {28c) 

RETAINING RING (26d) 

STATIONARY (28a) 

114"'-+'~-- ROTATING MEMBER {28b) 

r[i;;::::Ji:Z2~h- SPRING (28c) 

PUMP END 
(OUTBOARD END) 

FIGURE 6 • DOUBLE SEAL 

RETAINING RING (26d) 
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Inner Seal (OS Units Only)- To expose inner shaft seal 
(28) for examination, remove outer seal as outlined above. 
Remove socket head cap screws (64) Lrft outer seal plate 
(29) and square-ring (27) from inner seal plate (5) see Frgure 
8 If further repair is required, remove snap ring (32), retaining 
ring (28d), spring (28c) and rotating member (28b) from shaft. 
Examine as outlined rn outer seal paragraph. If replacing seal, 
remove stationary (28a) by prying out with flat screwdriver. 

FIGURES 

F-3.2) Reassembly: 
Inner Seal {OS Units Only)- Clean and oil seal cavities in 
seal plates (5, 29). Lightly oil (DO NOT use grease) outer 
surface of stationary member (28a). Press stationary member 
(28a) firmly into inner seal plate (5), using a seal pusher (see 
parts list - seal tool kit) Nothing but the seal pusher is to 
come in contact with seal face (see Fig 9). 

~ IMPORTANT!- DO NOT hammer on the seal 
~ pusher- it will damage the seal face. 

Make sure the stat1onary member is in straight. Slide a bullet 
(see parts list- seal tool kit) over motor shaft. Lightly orl (DO 
NOT use grease) shaft, bullet and mner surface of bellows 
on rotating member (28b) see Figure 10 With lapped surface 
of rotating member (28b) facing rnward toward stationary 
member, slide rotating member over bullet and onto shaft, 
using seal pusher, until lapped faces of (28a) and (28b) are 
together (see Figure 9). 
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Stationary Member 
(28A) Polished Face Out 

,....------, Seal Plate (5) for L serres 
FIGURE 9 I and (29) for OS series 

Motor & Seal Plate 

Seal Pusher 

Seal Pusher 

Bullet 

I FIGURE 10 I 
Rotating Member 
(288) 

It rs extremely rmportant to keep seal faces clean during 
assembly. Dirt particles lodged between these faces will 
cause the seal to leak Place spring (28c) over shaft and in 
place on rotatmg member (28b), makrng sure rt IS seated 
on retainer and not cocked or resting on bellows tail. Slide 
retarnrng ring (28d) over shaft and let rest on spring (28c). 
Replace snap ring (32) in groove of shaft. Set square-nng 
(27) in groove on outer seal plate (29) and place outer seal 
plate (29) onto rnner seal plate (5). Replace socket head cap 
screws (64) and torque to 60 in-lbs 

Outer Seal (All Units)- Press stationary member (28a) ftrmly 
into outer seal plate (5, or 29 on OS Units) as described 
above. Slide rotatrng member (28b) onto stationary member 
using seal pusher as described above. Place spring (28c) and 
retaining ring (28d) onto rotating member (28b). Assemble 
impeller and volute as outlined rn paragraph F-2.2. Replace 
oil as outlined in paragraph F-1.4. 

F-4) Motor and Bearing Service 
F-4.1) Disassembly and Inspection: 
To examine or replace the motor (7), capacttor (9, single phase 
unrts), controls (55, 56, optional), and bearrng (25), drarn oil 
from motor as outlined in paragraph F-1.1. Dtsassemble volute 
and impeller as outlined in paragraph F-2 1 and disassemble 
shaft seal as outlined in paragraph F-3 1. 



I FIGURE 11 I 
Position unit upright, using blocks to avoid resting unit on 
shaft Unscrew cable hex bolts (11) and remove compression 
flange (16a) and power cord (16} Remove snap nng (19) with 
a flat head screwdriver. Pull the terminal block (21) out of the 
hous1ng (6) using a T-bolt or pair of pliers and a 25-20 screw 
in the threads of the terminal block (21 ). Be sure to leave 
slack on the motor leads connected underneath. Use needle 
nose pliers to pull each female connector off of the pins on 
the underside of the termmal block (21) see Frgure 11. The 
umt voltage should be noted. Repeat cable and terminal block 
removal procedure for any control cables (56) if equrpped. 
Remove socket head cap screws (47). Vertically l1ft the motor 
housing (6) from seal plate (5) by liftrng handle (13). Inspect 
square ring (27) for damage or cuts. Remove the motor bolts 
and lift motor stator from seal plate (5). Disconnect capac1tor 
leads from capaator (9, single phase umts) Examine bearing 
(25) and replace if required If replacement is required, remove 
beanng (25) from motor shaft using a wheel puller or arbor 
press, see Figure 12 

I FIGURE 121 

Check motor capacitor (9, srngle phase units) w1th an Ohm 
meter by first grounding the capacrtor by placing a screwdnver 
across both terminals and then removing screwdriver. Connect 
Ohm meter (set on high scale) to terminals. If needle moves 
to inftnity ("")then dnfts back, the capacitor is good. If needle 
does not move or moves to infrmty ("")and does not drift back, 
replace capacitor (9). To test the float switch (55 or 56 optional), 
check for continuity between the pin receptacles of the cord 
w1th the float tn an •up" position. There should be no continuity 
with the switch in the "down" position. Replace switch (55 
or 56) if malfunct1omng. If mo1sture sensors (4, optional) are 
damaged, disconnect leads by removtng machine screws (45} 
and washers (46) from probes (4}. Remove probes (4} from 
seal plate (5}. To test the temperature sensor (50, optional}, 
check for continuity between the black and white w1res If 
found to be defective, contact a motor service station or Barnes 
Pumps Service department Inspect motor windmg for shorts 
and check reststance values Check rotor for wear. If rotor or 
the stator windings are defective, the complete motor must be 
replaced. 

/.\. IMPORTANT! • All parts must be clean before 
~reassembly. 

F-4.2) Reassembly: 
Moisture Sensors, OS Models - If pump is equrpped with 
optional moisture sensors, reassemble by applyrng thread 
compound to threads on probes (4) and install in upper seal 
plate (5), see Figure 20 & 21. Connect wrre assemblies (53) to 
probes (4) with washers (46) and machine screws (45). 

Thermal Sensors - If pump is equipped wtth opttonal thermal 
sensors, use terminal connectors (52) to connect wire 
assemblies (51} to sensor leads. If sensor is not functroning, 
contact factory approved Service Center or Contact factory 
Service Department. 

Bearings - When replacing bearing, be careful not to damage 
the rotor or shaft threads. Clean the shaft thoroughly. Press 
bearing (25) on the motor shaft, position squarely onto the 
shaft applying force to the inner race of the beanng only, until 
bearing seats against the retarmng ring (24). 

Motor - Slide lower bearing (25) and motor shaft squarely 
into the seal plate (5) unt1l bearing seats on the bottom. Place 
stator over rotor, lining up motor bolts with holes in seal plate 
(5). Position capac1tor (9, single phase units) so that it w1lllay 
on the opposite side of the cable entry bosses of the motor 
hous1ng (6). Reconnect capacitor leads. Torque motor tre bolts 
to 17 in-lbs. Set square ring (27) in grove on seal plate (5). 

F-4.3) Wiring Connections: 
Check power cables (16) and control cable (56, if used}, for 
cracks or damage and replace if requrred (see Ftgure 14) 
Make internal wiring connections which are independent of 
the terminal block as shown, using connectors (48} and wire 
assemblies (49} and (63} as required. Do not use wire nuts. Slip 
motor leads and groud wire through fiberglass sleeve. Lower 
motor housing (6) down onto seal plate (5) while aligning holes 
and stnnging motor leads through the cable entry bore(s). 
(Slipping cords inside a 1 ft length of .5" conduit makes th1s 
easier). Place socket head cap screws (47) through seal plate 
(5) into motor housrng (6) and torque to 60 in-lbs. 
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LOCKWASHER (12) 

COMPRESSION FLANGE (16a) 

SNAP RING (19) 

TERMINAL BLOCK (21) 

I FIGURE 141 

Reconnect motor and optional control leads to the underside 
of the terminal block(s) (21). (54 optional) as shown in F1gure 
13 Note that the pins are numbered underneath the terminal 
block. Place a-ring (20) 1nto groove in terminal block and 
lubricate with dielectnc 011. Press the terminal block (21) 
into the housmg so 1t seats completely below the snap ring 
groove Place snap ring (19) into groove 1n cable entry bore of 
housing. Repeat terminal block installation for control cable, if 
equipped. 

F-4.4) Cable Assemblies: 
Power/Control Cable- Refill the cooling oil as outlined in 
paragraph F-1.3. Make wire connections as outlined in 
paragraph F-4.3. Insert female end of cable plug into housmg 
bore aligning timing mark with hole in terminal block (21) see 
Figure 15 Compress cable plug with compress1on flange 
( 16a) by tightemng hex bolts ( 11) into the housing (6) Torque 
to 132 in-lbs. 

COMPRESSION FLANGE 

ALIGNMENT MARK ON CORD 
MUST ALIGN WITH THE 
ALIGNMENT MARK ON TERMINAL 
BLOCK FOR PROPER ASSEMBLY 

I FIGURE 151 
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LOCKWASHER (12) 

COMPRESSION FLANGE (56a) 

SNAP RING (19) 

TERMINAL BLOCK (54) 

SECTION: G REPLACEMENT PARTS 

G-1 ORDERING REPLACEMENT PARTS: 
When ordenng replacement parts. ALWAYS furnish the 
following information. 
1. Pump serial number and date code. (Paragraph G-4) 
2. Pump model number. (Paragraph G-3) 
3. Pump part number. (Paragraph G-2) 
4. Part description 
5. Item part number. 
6. Quantity requ1red . 
7. Shipping instructions. 
8. Billing Instructions. 

~----------------------~ 

OHP. 

n..Eemi~CAL SHOCJ( USI:XJNN£CT 1Mt 
PWIP ,... lHE POWER SCUlCt BtF'ORE 
tWG1JHG CR Si£:tMCN(;. SIX 

0 =·~ .::..c~lt: rtR ADEUICINAL CN.ITIOrG. 

G-2 PART NUMBER: 

0 

The part number cons1sts of a six (6) dig1t number, which 
appears in the catalog. A one or two letter suffix may follow 
this number to designate the design configuration. This 
number 1s used for ordering and obtaining 1nformat1on. 

G-3 MODEL NUMBER: 
This designation cons1sts of numbers and letters wh1ch 
represent the discharge size, series, horsepower, motor 
phase and voltage, speed and pump design. This number IS 
used for ordenng and obtainmg informat1on. 

G-4 SERIAL NUMBER: 
The serial number block will consist of a six digit number, 
which 1s specific to each pump and may be preceded by 
a alpha character, which indicates the plant location. This 
number w1ll also be suffixed with a four dig1t number, wh1ch 
rndicates the date the unit was built (Date Code) . 
EXAMPLE: A012345 0490. 

Reference the six digit portron (Serial Number) of this number 
when refernng to the product. 



STANDARD TEMPERATURE 
SINGLE PHASE - 120/240 VOLT AC (PSC) 

HIGH TEMPERATURE 
HASE- 120 VOLT AC (SPLIT PHASE) 

(FRANKLIN) 

HIGH TEMPERATURE 
SINGLE PHASE - 240 VOLT AC (SPLIT PHASE) 

(FRANKLIN) 

I FIGURE 131 
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STANDARD TEMPERATURE 
SINGLE PHASE- 120/240 VOLT AC (PSC) 
w/Fioat, Models SE51AU/SE52AU 

HIGH TEMPERATURE 
SINGLE PHASE -
120 VOLT AC (SPLIT PHASE) 
w/Fioat, Models SE51HTAU 

(FRANKLIN) 

HIGH TEMPERATURE 
SINGLE PHASE -
240 VOLT AC (SPLIT PHASE) 
w/Fioat, Models SE52HTAU 

(FRANKLIN) 

• 

• 

• 



• 

HIGH TEMPERATURE 
SINGLE PHASE - 120 VOLT AC (SPLIT PHASE) 

(G.E. MOTOR) 

• 

HIGH TEMPERATURE 
SINGLE PHASE - 240 VOLT AC (SPLIT PHASE) 

(G.E.MOTOR) 

• I FIGURE 131 
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HIGH TEMPERATURE 
SINGLE PHASE -
120 VOLT AC (SPLIT PHASE) 
w/Fioat, Models SE51HTAU 

(G.E. MOTOR) 

HIGH TEMPERATURE 
SINGLE PHASE -
240 VOLT AC (SPLIT PHASE) 
w/Fioat, Models SE52HTAU 

(G.E. MOTOR) 



THREE PHASE - 200/240 VOLT AC 

THREE PHASE - 480 VOLT AC 

THREE PHASE - 600 VOLT AC 

IAGURE13-CONTIUEDI 
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THERMOSTAT 

TEMPERATURE SENSORS: 
Three Phase (Optional) 

MOISTURE SENSORS 
DS MODELS (Optional) 

MOISTURE AND TEMPERATURE SENORS: 
Three Phase DS Models (Optional) 

• 

• 

• 
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TROUBLE SHOOTING 
CAUTION I Always disconnect the pump from the electrical power source before handling 
If the system fails to operate properly, carefully read instructions and perform maintenance recommendations. 
If operating problems pers1st, the followmg chart may be of ass1stance in identifying and correct1ng them: 
MATCH "CAUSE" NUMBER WITH CORRELATING "CORRECTION" NUMBER. 

NOTE: Not all problems and correct1ons will apply to each pump model. 

PROBLEM CAUSE CORRECTION 

Pump will not run 1. Poor electrical connection, blown fuse, 1 Check all electrical connections for 
tripped breaker or other interruption of power, security. Have electrician measure current 
1mproper power supply. m motor leads, if current is Within ±20% 
2. Motor or switch moperat1ve (to isolate of locked rotor Amps, impeller is probably 
cause, go to manual operat1on of pump). locked. If current IS 0, overload may be 
2a. Flaot movement restricted tnpped Remove power, allow pump to cool, 
2b. SWitch will not activate pump or IS defec- then recheck current. 
live. 2a Reposition pump or clean basin as 
3. Insufficient liquid level required to prov1de adequate clearance for 

r-P-um __ p_WI-.-~~-n-o-tt-u-rn __ o_ff---------------;-2-a-.-F-Io_a_t_m_o_v_e~m-e_n_t_re_s_t_nc_t_e_d.------------;float 

2b Switch will not activate pump or is defec- 2b. Disconnect level control. Set ohmmeter 

11ve. for a low range, such as 100 ohms full scale 
4. Excessive inflow or pump not properly sized and connect to level control leads. Actuate 
for application. level control manually and check to see that 
9. Pump may be airlocked. ohmmeter shows zero ohms for closed SWitch 
14. H-0-A SWitch on panel is in "HAND" posi- and full scale for open switch. (Float SWitch). 
lion 3 Make sure liqu1d level is at least equal to 

1---------------------------------jf-----------------------------------l suggested turn-on point. 
Pump hums but does not run 1. Incorrect voltage 4. Recheck all sizmg calculations to 

8. Cutter jammed or loose on shaft, worn or deterrmne proper pump s1ze. 
damaged, inlet plugged. 5. Check discharge line for restncllons, 

1-P-u_m_p_d_e-li-v-er_s_i-ns_u_ffi_c_l_e_nt_ca __ p_a_c-ity------+1-.-1-nc~o;;...r_re_c_t -v-ol~ta_g_e::..::...-------------------1 mcluding ice if line passes through or 1nto 

4. Excess1ve mflow or pump not properly sized cold areas 
for applicat1on. 6 Remove and examme check valve for 
5 Discharge restricted. proper installation and freedom of operation. 
6 Check valve stuck closed or installed 7. Open valve 
backwards. 8. Check cutter for freedom of operat1on. 
7 Shut-off valve closed. security and condition. Clean cutter and inlet 
8 Cutter jammed or loose on shaft, worn or of any obstruction. 
damaged, inlet plugged. 9. Loosen union slightly to allow trapped a1r 
9. Pump may be airlocked. to escape.Verify that turn-off level of sw1tch 
10. Pump stator damaged/torn. is set so that the suction is always flooded. 

1---------------------------------j------_;_--------...;:;_-----------------1 Clean vent hole 
Pump cycles too frequently or runs 
periodically when fixtures are not in use 

6. Check valve stuck closed or installed 10. Remove & exam1ne for damage. Replace 
backwards. pump stator if requ1red. 
11 Fixtures are leak1ng 11. Repair fixtures as requ1red to eliminate 

l---------------------------------j~1_5 __ G_r_o_u_nd __ w_a_te_r_e_n_te_r_in~g;;...b_a_s_ln __________ _,leakage. 
1 Incorrect voltage. 12. Check pump temperature limits & fluid Pump shuts off and tums on Indepen

dent of switch, (tnps thermal overload 
protector). CAUTION! Pump may start 
unexpectedly Disconnect power supply. 

4 Excessive 1nflow or pump not properly s1zed temperature. 
for application 13. Replace portion of discharge pipe With 
8. Cutter jammed, loose on shaft, worn or flexible connector 
damaged, mlet plugged 14. Turn to automatic position. 
12. Excessive water temperature. 15. Check for leaks around basm inlet and 

1-----------------------------+---------------__.:----------------l outlets. 
Pump operates noisily or vibrates 
excessively 

4. Operating at too h1gh a pressure. 
5. Discharge restncted. 
8. Cutter broken 
13. Piping attachments to buiding structure too 
ng1d or too loose . 
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- USE LOCTITE 242 
OR EQUAL 

TORUQE TO 1321N!LBS 

SLIP SLEEVING OVER MOTOR 
LEADS AND GROUND WIRES 

- USE LOCTITE 609 
OR EQUAL 

SE- L & 3SE- L Series, Single Seal 

~ 
------------1 

I FIGURE 161 
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-USE PERMATEX 
2C OR EQUAL 

I 

-OIL MUST COVER END OF MOTOR 
WITHOUR COVERING CAPACITOR 

3" DISCHARGE 

- USE LOCTITE 242 
OR EQUAL 

• 

• 

• 
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SE- L & 3SE- . L Ser1es s· ' mgle Seal 

r--: 
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ri 
' I I 
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- @'.-----@ 
------® *~ 
{3).__ l 3" DISCHARGE 

'-:.-'~ I R 
2" DISCH~-~ -<I: 

I 
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I 
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- USE LOCTITE 242 
OR EQUAL 

TORUQE TO 1321NilBS 

SLIP SLEEVING OVER MOTOR 
LEADS AND GROUND WIRES 

- USE LOCTITE 609 
OR EQUAL 

SE-HT (High Temp) Series -Single Seal 

I FIGURE 181 

22 

~OfP~ 
I --, 

-USEPERMATEX I - _, 
2COREQUAL ~ 

- OIL MUST COVER END OF MOTOR 
WITHOUR COVERING CAPACITOR 

• 

• 

• 
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SE-HT (High Temp) Series -Single Seal 

I FIGURE 191 
23 



3SE-DS Series -Double Seal 

• OPITIONAL (56)..__ 
SENSOR CABLE ~ ~ 

• USE PERMA TEX 2C 
OR EQUAL 

·USE LOCTITE 242 
OR EQUAL 

• USE PERMA TEX 2C 
OR EQUAL 

TORQUE TO 132 INILBS 

SLIP SLEEVING OVER MOTOR 
LEADS AND GROUND WIRES 

/', 
A 

--------@ 

I FIGURE 20 I 
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• USE LOCTITE 242 
OR EQUAL 

• USE PERMA TEX 2C 
OREOUAL 

• 

• 

• 



. Double Seal 3SE-DS Series -
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-----® 
__,p, .......... ....._------® 
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PARTS KITS 
Seal Repair Kits: 

Single Seal ............ PIN - 107272 (t) 2. 27, 28, 36 

Double Seal ........... PIN - 107273 (O) 2. 27, 28, 32, 36 • Overhaul Kits: 
Single Seal ............ PIN- 111521 (+) 2. 19, 20. 24, 25, 27, 28, 36, 49,65 

Double Seal ........... PIN -111522 (+) 2. 19, 20. 24, 25, 27, 28, 32, 36, 44, 49,65 

Seal Tool Kit .................... PIN -107271 
Pressure Gauge Kit ........ PIN - 085343 

PARTS LIST 
ITEM QTY. PART NO. DESCRIPTION 
1 1 055400 Volute (Std) 

1 071114 Volute (For use with Optional Stra1ner) 
2 1 069140 t¢++ Gasket 
3 1 026210 Flange 2" Discharge 

074498 3" Discharge - Single Seal 
105153 3" D1scharge - Double seal 

4 2 003217 Pipe Plug All double seal (Std), .25" NPT, ZP 
2 039383 Moisture Sensor Probes (Optional) moisture sensor 

5 1 084532 Seal Plate All single seal 
084906 All double seal 

6 105196 Motor Housing (Std) 
105196HA (Optional) for all AU and HTAU, moisture and temp. sensors 

7 Motor: Capacitor (item 9): 
030369BS 034964 SE51,SE51A, SE51AU,3SE514L 
030369BD 070963 3SE514DS 
030370BS 070963 SE52, SE52AU,3SE524L 
030370BD 070963 3SE524DS • 085472BS None SE51H~SE51HTA,SE51HTAU,SE52H~SE52HTAU 

071352BS None SE594L,3SE594L, SE544L,3SE544L 
071352BD None 3SE594DS. 3SE544DS 
092854BS None SE554L, 3SE554L 
092854BD None 3SE554DS 
029792BS 070963 SE774L, 3SE774L, SE1074L,3SE1074L 
029792BD 070963 3SE774DS, 3SE1074DS 
071354BS None SE794L, SE744L, 3SE794L, 3SE744L, SE1094L, 

None SE1044L,3SE1094L,3SE1044L 
071354BD None 3SE794DS, 3SE744DS, 3SE1094DS, 3SE1044DS 
092855BS None SE754L,3SE754L, SE1054L,3SE1054L 
092855BD None 3SE754DS, 3SE1054DS 

8 96 oz 029034 Oil All single seal 
120oz 029034 Oil All double seal (Includes 24 oz. in Seal Chamber) 

9 1 034964 * Capacitor (30MFD) 1 Phase 
1 070963 Capacitor (20 MFD) 1 Phase 

10 1 039858 Capacitor Bracket 1 Phase 
11 4 1-156-1 Hex. Hd. Cap Screw(Std), 5/16-18 x 1 00" Lg., Stainless 

6 1-156-1 Hex. Hd. Cap Screw (Optional) for all AU and HTAU, mo1sture and temp. sensors 
12 10 026322 Lockwasher (Std), 5/16, Stainless 

12 026322 Lockwasher (Optional) for all AU and HTAU, moisture and temp. sensors 
13 1 103503 Handle 
16 1 See Table 2 Power Cable Set 
16a 1 103582 Compression Flange, Included w1th Cable Set 
19 1 105197 ++ Snap Ring (Std) 

2 105197 Snap Ring (Optional) for all AU and HTAU, mo1sture and temp sensors 
20 1 2-31051-224 ++ 0-ring (Std) 

2 2-31051-224 0-ring (Optional) for all AU and HTAU, mo1sture and temp sensors 

• Units with build code date (see section G-4} before -0901 may • use capacitor part number, 070963 or the 034964 part number. 
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21 103584 Terminal Block 1 Phase 
103583 3 Phase 

22 1 105111 Ground Wire Assembly (Std) 

• 2 105111 Ground Wire Assembly (Optional) for moisture and temp. sensors 
23 1 016660 Screw, Self Tapping #8-32 x 375" Lg 
24 1 085326 t+ Retaining R1ng 
25 1 017414 t+ Beanng 
26 4 1-135-1 Cap Screw All single seal, 5/16-18 x 1 75" Lg. Stamless 

1-168-1 Cap Screw All double seal, 5/16-18 x 3.50" Lg. Stainless 
27 1 027269 tOt+ Square Ring All single seal 

2 027269 0 Square Rmg All double seal 
28 1 tOt+ Shaft Seal - (Qty 2 forDS) 

005080 Carbon/Ceramic/Buna-N (STD) 
005080SB Tungsten/Tungsten/Buna-N 
005080SD Silicon Carb1de/Silicon Carbide/Buna-N 
005080SF Carbon/CeramicNiton 
005080SH Tungsten!TungstenNiton 
005080SK Silicon Carbide/Silicon CarbideNiton 
005080SM S1hcon Carbide!Tungsten/Buna-N 
005080SN Carbon/Ni-Res1stant/Buna-N 
005080SP Carbon/Ni-Resistant/Neoprene 
082850 Carbon/Ni-Res1stant!Viton 

29 103587 Seat Housing All double seal 
32 2-27008-62 0+ Retammg Ring All double seal 
33 Impeller, Cast Iron 

084346 6.00 Dia. (STD for 1 HP) 
084346TA 5 88 Dia. 
084346TB 5.75 Dia. 
084346TC 5.63 Dia. (STD for .75 HP) 
084346TD 550 Dia 
084346TE 5.38 Dia. 
084346TF 5 25 Dia. (STD for .5 HP) 

• 084346TG 5.13 Dia . 
084346TH 5.00 Dia. 
084346TJ 4.88 Dia. 
084346TK 4.75 Dia 
084346TL 4.63 D1a. 
084346TM 4 50 Dia. 
084346TN 4.38 Dia. 
084346TP 4 25 Dia. 
084346TQ 413 Dia 
084346TR 4.00 Dia 

36 1 027344 tOt+ Gasket 
39 1 014270 Pipe Plug .375" NPT 
40 2 1-36-1 + Hex. Hd. Cap Screw2" Discharge, 3/8-16 x 1.25" Lg, Stainless 

2-23030-59 Hex. Hd Cap Screw 3" Discharge, 5116-18 x 1.50" Lg., Stainless 
41 AIR Locbte 242 
42 AIR Permatex 2C 
43 2 082727 Washer 2" D1scharge, 3/8" Stainless 
44 1 003217 + Pipe Plug All double seal, 25" NPT 
45 2 5-32-6 Screw (Optional) moisture sensor, #6-32 x .25" Lg., ZP 
46 2 052563 Lockwasher (Opt1onal) moisture sensor, #6 Stl. 
47 2 084948 Socket Head Cap Screw 114-20 x 1.25" Lg., Stainless 
48 3 074449 Terminal Connector HT Only 

4 105150 Term1nal Connector 200-240V, 3Ph 
3 625-00163 Tennmal Connector 480V, 3PH 

49 1 105149 ++ Wire Assembly 120VHT 
3 105149 Wire Assembly 200-240V, 3Ph 

50 1 051621 Thermal Sensor Optional for temperature sensor (Not Shown) 
51 2 105155 Wire Assembly Optional for temperature sensor (Not Shown) 
52 2 625-00163 Terminal Connector Optional for temperature sensor (Not Shown) 

• 53 2 105106 Wire Assembly Optional for moisture sensor 
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54 

55 1 
56 1 

1 
1 

56 a 1 
57 1 
58 1 
59 1 
60 AIR 
61 1 
62 3 
63 1 
64 2 
65 1 

CABLE 
LENGTH 

8FT 

15FT 

20FT 

30FT (Std) 

50FT 

75FT 

100FT 

103759 Termmal Block All AU and HTAU 
103584 Optional for temperature sensor only 
103585 Optional for mo1sture and temp sensors 
See Table 2 Float Switch w/Piug Piggyback 
103746 Float Switch SE51AU, SE52AU 
103755 Float Sw1tch, High Temp. SE51HTAU,SE52HTAU 
See Table2 Control Cable Opt1onal for mo1sture and/or temp. sensors 
103582 Compression Flange Included w1th Cable Set 
090516 Cord Clip, (For SE51AU, SE52AU, SE51HTAU & SE52HTAU) 
20-12-1 Washer, (For SE51AU, SE52AU, SE51HTAU & SE52HTAU) 
2-88-1 Screw, (For SE51AU, SE52AU, SE51HTAU & SE52HTAU) 

Loctite 609 
082852 Inlet Stramer, Stamless (Optional) 
028913 Hex Hd, Screw, Stainless (Optional), 3/8-16 x 875" Lg., Stainless 
105147 Wire Assembly All AU Series 
030337 Socket Head Cap Screw Double seal Only, 1/4-20 x 2 00" Lg., Stainless 
625-02117 t+ Sleeve, Fiberglass 

TABLE 2- POWER & SENSOR CORD SETS 
ITEM#16 ITEM #16 ITEM#16 ITEM #16 ITEM #16 ITEM#55 ITEM #55 ITEM #56 ITEM#56 
120VOLT 120VOLT 240VOLT 240VOLT 3PHASE (OPTIONAL) (OPTIONAL) (OPTIONAL) (OPTIONAL) 
1 PHASE 1 PHASE 1 PHASE 1 PHASE STD. Temp High Temp. Temperature Moisture and 

STD. Temp High Temp 0.5HP 075&1HP Piggy-Back Piggy-Back 3 Phase Temperature Sensor 
STD& HT STD&HT Float Switch Float Switch 3 Phase or Motsture 

"A" Senes "A" Series Sensor Only 

103756A 110416A ---- 103741A 103742A - -- 103741A 103740A 

103756 110416 110949 103741 103742 101758 090269 103741 103740 

103756XA 110416XA 110949XA 103741XA 103742XA 101758XA 090269XA 103741XA 103740XA 

103756XC 110416XC 110949XC 103741XC 103742XC 101758XC 090269XC 103741XC 103740XC 

103756XF 110416XF 110949XF 103741XF 103742XF 101758XF 090269XF 103741XF 103740XF 

103756XJ 110416XJ 110949XJ 103741XJ 103742XJ 090269XJ 103741XJ 103740XJ 

103756XL 110416XL 110949XL 103741XL 103742XL 090269XL 103741XL 103740XL 

IMPORTANT! 
WARRANTY REGISTRATION 

Your product is covered by the enclosed Warranty. 
Complete the Warranty Registration Form and return to 
Crane Pumps & Systems, Inc. Warranty Service Group 

If you have a claim under the provision of the warranty, contact your local 
Crane Pumps & Systems, Inc. Distributor. 

RETURNED GOODS 
RETURN OF MERCHANDISE REQUIRES A "RETURNED GOODS AUTHORIZATION". 

CONTACT YOUR LOCAL CRANE PUMPS & SYSTEMS, INC. DISTRIBUTOR. 

Products Returned MY.§! Be Cleaned, Sanitized, 
Or Decontaminated As Necessary Prior To Shipment, 
To Insure That Employees Will Not Be Exposed To Health 
Hazards In Handling Said Material. All Applicable Laws 
And Regulations Shall Apply. 
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Limited Warranty 
We warrant to our immediate customer and to the ultimate consumer that products of our manufacture will be free of 
defects in material and workmanship under nonmal use and service for the following trme periods, when installed and 
maintained rn accordance with our rnstructions. 
Pump Products One (1) year from date of installatron or (24) twenty-four months from date of shrpment, whrchever occurs 
first Cleaning Products: Twelve (12) months from date of installatron or eighteen (18) months from date of shipment, 
whichever occurs first As used herein, "the ultimate consumer" is defined as the purchaser who first uses the product 
after its initial installation or, in the case of product designed for non penmanent installation, the frrst owner who used 
the product. It rs the purchaser's or any sub-vendee's obligatron to make known to the ultimate consumer the tenms and 
conditions of thrs warranty This warranty gives you specific legal rights, and there may also be other rights which vary 
from state to state. In the event the product rs covered by the Federal Consumer Product Warranties Law (1) the duration 
of any implied warranties associated wrth the product by virtue of sard law is limrted to the same duration as stated herein, 
(2) this warranty is a LIMITED WARRANTY, and (3) no claims of any nature whatsoever shall be made against us, until the 
ultimate consumer, hrs successor, or assigns, notifres us in wntrng of the defect, and delivers the product and/or defectrve 
part(s) freight prepaid to our factory or nearest authonzed service station. Some states do not allow hmrtations on how long 
an implied warranty lasts, so the above limitatron may not apply. THE SOLE AND EXCLUSIVE REMEDY FOR BREACH 
OF ANY AND ALL WARRANTIES WITH RESPECT TO ANY PRODUCT SHALL BE TO REPLACE OR REPAIR AT OUR 
ELECTION, F.O.B. POINT OF MANUFACTURE OR AUTHORIZED REPAIR STATION, SUCH PRODUCTS AND/OR 
PARTS AS PROVEN DEFECTIVE. THERE SHALL BE NO FURTHER LIABILITY, WHETHER BASED ON WARRANTY, 
NEGLIGENCE OR OTHERWISE. Unless expressly stated otherwise, guarantees in the nature of perfonmance 
specificatrons furnished in addrtton to the foregorng matenal and workmanship warranties on a product manufactured 
by us. if any, are subject to laboratory tests corrected for field performance. Any additional guarantees. in the nature of 
performance specifications must be in wntrng and such wnting must be signed by our authorized representatrve. Due to 
rnaccuracies in field testrng if a conflict arises between the results of field testing conducted by or for user, and laboratory 
tests corrected for field perfonmance, the latter shall control Components or accessones supplied by us but manufactured 
by others are warranted only to the extent of and by the tenms and conditions of the origrnal manufacturer's warranty. 
RECOMMENDATIONS FOR SPECIAL APPLICATIONS OR THOSE RESULTING FROM SYSTEMS ANALYSES AND 
EVALUATIONS WE CONDUCT WILL BE BASED ON OUR BEST AVAILABLE EXPERIENCE AND PUBLISHED 
INDUSTRY INFORMATION. SUCH RECOMMENDATIONS DO NOT CONSTITUTE A WARRANTY OF SATISFACTORY 
PERFORMANCE AND NO SUCH WARRANTY IS GIVEN. 
This warranty shall not apply when damage is caused by (a) improper installation, (b) improper voltage {c) lightning (d) 
sand or other abras1ve material (e) scale or corrosion burld-up due to excessive chemical content. Any modrficatron of the 
anginal equipment will also void the warranty We will not be responsible for loss, damage or labor cost due to rnterruptron 
of service caused by defect1ve parts. Neither will we accept charges incurred by others Without our pnor written approval. 
This warranty is vo1d 1f our inspectron reveals the product was used rn a manner inconsistent w1th nonmal industry pract1ce 
and\or our spec1fic recommendations. The purchaser rs responsrble for communication of all necessary infonmatton 
regarding the application and use of the product UNDER NO CIRCUMSTANCES WILL WE BE RESPONSIBLE FOR 
ANY OTHER DIRECT OR CONSEQUENTIAL DAMAGES, INCLUDING BUT NOT LIMITED TO LOST PROFITS, LOST 
INCOME, LABOR CHARGES, DELAYS IN PRODUCTION, IDLE PRODUCTION, WHICH DAMAGES ARE CAUSED 
BY ANY DEFECTS IN MATERIAL AND\OR WORKMANSHIP AND\OR DAMAGE OR DELAYS IN SHIPMENT. THIS 
WARRANTY IS EXPRESSLY IN LIEU OF ANY OTHER EXPRESS OR IMPLIED WARRANTY, INCLUDING ANY 
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
No rights extended under this warranty shall be assigned to any other person, whether by operation of law or otherwise, 
without our pnor written approval 

I CRAN E .I PUMPS & SYSTEMS 

A Crane Co. Company 420 Thrrd Street 
Piqua, Ohro 45356 
Phone (937) 778-894 7 
Fax: (937) 773-7157 
www cranepumps com 

83 West Dnve, Bramton 
Ontano, Canada L6T 2J6 
Phone: (905) 457-6223 
Fax. (905) 457-2650 
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START-UP REPORT 
FOR SUBMERSIBLE PUMPS 

This form is designed to provide assurance that customer service and a quality product are the number one priority with 
Crane Pumps & Systems, Inc (CP&S). Please fill out the following questions as completely and accurate as possible 
When complete, mail this form to: 

In U.S.A Send To: 
Crane Pumps & Systems, Inc 
Attn: Warranty Service Group 
420 Third Street 
Piqua, Ohio 45356 

In Canada Send To: 
Crane Pumps & Systems, Inc. 
Attn: Service Manager 
83 West Drive, Brampton 
Ontario, Canada L6T 2J6 

REPORTS THAT ARE NOT RETURNED CAN DELAY OR VOID WARRANTY. 
Pump Owner's Name: __________________________________ _ 

Address·-----------------------------------------------------
Location of Installation ----------------------------------------------------

Phone Person in Charge-:----------:-:------------:--:--:-------
Purchased From (Crane Pumps & Systems Representative/Distnbutor --------------------

Pump Model Serial No. ----------Part Number __________________________________________ _ 

Voltage Phase Hertz Horespower ------------
Rotation· Direction of impeller rotation (Use CIW for clockwise, CCIW for counter-clockwise) ---------------
Method used to check rotation (viewed from bottom)---------------------------------
Does Impeller turn freely by hand: Yes No------------------------------

Cond1t10n of equipment Good Fair------- Poor--------------------
Condition of cable jacket Good Fair Poor----------------
Resistance of cable jacket Good Fa1r Poor------------------
Resistance of cable and pump motor (measured at pump control) 
Red-Black Ohms, Red-White Ohms, White-Black ______ Ohms 
Resistance of Ground C1rcuit between Control Panel and outs1de of pump Ohms 
MEG Ohms check of insulation· 
Red to Ground------- White to Ground _____________ Black to Ground -----------

Condition of equipment at Start-Up· Dry _________ Wet _______ Muddy --------
Was Equipment Stored? Length of Storage -------------
Describe station layout-----------------------------------------------------------

Liqu1d being pumped-------------------------------------------------------------
Debris in bottom of station?--------------------------------------------------------------
Wasdebrisremovedinyourpresence? _______________________________________________________ _ 

Are guide rails exactly vertical?------------------------------------------------------
Is BAF stationary Installed level? __________________________________________________ _ 

Liquid level controls Model ---------------------------------------------------
Are level controls installed away from turbulence? --------------------------------------
Operation Check· 
Tip lowest float (Stop Float), All pumps should rem am off 
Tip second float (and Stop Float), one pump comes On. 
Tip th1rd float (and Stop Float), both pumps on (alarm on simplex). 
Tip fourth float (and Stop Float), high level alarm on (om1t on simplex). 

If not CP&S level controls, describe type of controls ----------------------------------
Does liquid level ever drop below volute top?------------------------------------------------
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CP&S control panel part no. and brand-----------------------------
Number of pumps operated by control panel __________________________ _ 

NOTE: At no time should holes be made in top of control panel, unless proper sealing devices are utilized. 
Control panel manufactured by others-----------------------------Company name _____________________________________ _ 
Model number ____________________________________ __ 

Short circuit protection ------------------------ Type ------------
Number and size of short c1rcuit dev1ce(s) Amp ratmg ----------
Overload type Size Amp rating -----------
Do protection devices comply with pump and motor Amp ratmg? -------------------
Are all connections t1ght? --------------------------------
Is the intenor of the panel dry?--------------------------------

ELECTRICAL READINGS: 
Single Phase: 
Voltage supply at panel hne connection, Pump Off, L 1, L2 ---------------------
Voltage supply at panel line connection, Pump On, L 1, L2 ---------------------
Amperage: Load connection, Pump On L 1 L2 -------------------

Three Phase: 
Voltage supply at panel hne connection, Pump Off, L 1 - L2 _____ L2 - L3 ------ L3 - L1 -----
Voltage supply at panel line connection, Pump On, L 1 - L2 L2 - L3 L3 - L 1 -----
Amperage: Load connection, Pump On L 1 L2 L3 --------

FINAL CHECK: 
Is pump seated on discharge properly? ___________ Check for leaks?-----------
Does check valve(s) operate properly? ----------------------------
Flow, Does stat1on appear to operate at proper rate? ------ Pump down time ----------
Noise level. H1gh Med1um Low ---------------

Comments: ---------------------------------------

Equipment difficulties dunng start-up 

MANUALS: 
Has operator received pump instructions and parts manual? --------------------
Has operator received electrical control panel d1agram? ----------------------
Has operator been briefed on Warranty?---------------------------
Address of local CP&S Representative/Distnbutor: -------------------------
1 have received the above Information (Name of Operator) -----------------------
Name of Company-------------------------------------
---------------------------------Date: _____ _ 
I Certify this report to be accurate (Name of Start-Up person) _____________ -:--------
Employed By· Date: -----

Date and time of Start-Up --------------------------------
Present at Start-Up 
( ) Engmeer. ( ) Operator: ----------------

) Contactor: ( ) Other. 

To be filled out by factory: 
Start-Up form checked by: Date warranty registration mailed: --------
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• IMPORTANT! 
WARRANTY REGISTRATION 

Your product is covered by the enclosed Warranty. 
Complete the Warranty Registration Form and return to 
Crane Pumps & Systems, Inc. Warranty Service Group 

If you have a claim under the provision of the warranty, contact your local 
Crane Pumps & Systems, Inc. Distributor. 

**IMPORTANT!** 

WARRANTY REGISTRATION 

CUSTOMER'S NAME ---------- DATE INSTALLED------

ADDRESS ____________________________ ___ 

CITY---------- STATE---------ZIP------

PHONE# _________________ FAX#---------

DEALER'S NAME------------------------

CITY------------ STATE---------ZIP--------

MODEL NO. _______ SERIAL NO.-------------

.PART NO. ________ BRAND-----------------



• 

FOLD HERE AND TAPE, DO NOT STAPLE ..........................................................................................• 

CRANE PUMPS & SYSTEMS, INC. 
WARRANTY SERVICE GROUP 

420 THIRD STREET 
PIQUA, OHIO 
45356 - U.S.A. 

PLACE 
STAMP 
HERE 

• 
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BARNES® 

r 

www.cranepumps.com 

DISCHARGE ............................... 2" NPT. Female, Vertrcal, Bolt-on Flange 
LIQUID TEMPERATURE ............. 104•F (40"C) Continuous 
VOLUTE ....................................... Cast Iron ASTM A-48, Class 30 
MOTOR HOUSING ...................... Cast Iron ASTM A-48, Class 30 
SEAL PLATE .............................. Cast Iron ASTM A-48, Class 30 
IMPELLER: Design .................... 2 Vane. open, w1th pump out vanes on 

bac-J\ side. Dynamically balanced, ISO G6.3 
Material .................. Cast Iron ASTM A-48, Class 30 

SHAFT ...................................... ..416 Stainless Steel 
SQUARE RINGS .......................... Buna-N 
HARDWARE ................................ 300 Series Stainless Steel 
PAINT ........................................... A1r Dry Enamel 
SEAL: Design .................... Single Mechanical 

Mate1iat ................... Carbon/Ceramic/Buna-N 
Hardware -300 Series Stainless 

CORD ENTRY .............................. 20ft. (6.1 m) Cord wtth plug on 120 volt & 
.5HP, 240 volt. 1 phase. Quick connect 
custom molded for sealing and strmn relief 

SPEED ......................................... 1750 RPM (Nominal) 
UPPER BEARING ........................ S1ngle Row. Ball. Olllubncated 

Load ........................ Radial 
LOWER BEARING ....................... Single Row, Ball, Ollluhricaled 

Load ........................ Radial & Thrust 
MOTOR: Desiqn .................... NEMA L -S1n~le Phase. NEMA B -Three 

phase Torque Curve, Oil Filled, Squirrel 
Cage Induction 

lnsulatlon. ................ Ciass B 
SINGLE PHASE ........................... Permanent Split Capacitor (PSG) 

Includes Overload Protection in Motor 
THREE PHASE ............................ 200-240/480 is Tri-Vollage notor 600V. 

Requires overload Protection to be 
included in control panel 

LEVEL CONTROL ....................... "A"- Wide Angle, PVC. Mecflamcal, 
15ft (Sm) cord with Piggy-Back Plug, NiO 

"AU"· Wide Angle, Polypropylene. 
Mechanical. N/0 Integral to pump. 
ON and OFF Points are adjustable 

OPTIONAL EQUIPMENT ............. Seal Matenal, Impeller Trims, Additional 
cord. Normally Closed Temperature Sensors w1th cord for 3 phase pumps 
(ReqUires relay ln control panel). 

:cRANE PUMPS & SYSTEMS 

Series SE-L 
2" Spherical Solids Handling 

Manual & Automatic 

1% .. & 2" Discharge 

Series: SE (SE51 & SE52) 
.5, . 75, 1.0HP, 1750RPM, 
60Hz 

CSA108 
UL 778 
LR16567 

Sample Specificabons· SecliOn 1 Page 5 

DESCRIPTION: 

SUBMERSIBLE NON-CLOG SEWAGE PUMP 
DESIGNED FOR TYPICAL RAW SEWAGE 
APPUCATIONS 
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Series SE-L 
2" Spherical Solids Handling 
Manual & Automatic 

BARNES® 
WW\N.cranepumps.com 

1Yz" & 2'' Discharge 

SE51, SE52, SE--t. SE51A,SE52A 

~I 5] 1863 
! 

1B63 
1413) (~7l) 

l . I 
I 1 . 

666 el>G I 
{169) po~~ I 

I ' i I 

MODEL NO PART NO HP VOLT/PH NEMA FULt. 
START LOAD 
CODE AMPS 

SE51 104871 0.5 12011 F 11.6 

SE51A 10~872 0.5 12011 F 11.6 

SE51AU 104873 0.5 120/1 1750 F 11.6 

SE52 104874 0.5 24011 1750 J 5.9 
SE52AU 104875 0.5 240/1 1750 J 5.9 

SE594L 104881 0.5 200-240/3 60 1750 HIL 3.213.0 
SE544L 104882 05 480/3 60 1750 K 1.5 

SE554L 104883 0.5 60013 60 1750 H 1.0 

SE774L 104884 075 200·240!1 60 1750 GIK 7.4/7.0 

SE794L 104885 0.75 200-24013 60 1750 H!K 4 8/4.5 

SE744L 104886 0.75 480/3 60 1750 K 2.2 
SE754L 104887 0.75 600/3 L 1.5 
SE1074L 104888 1.0 200-24011 DIG 8.8/8.3 

SE1094L 104889 1.0 200-240/3 EIH 5.114.9 
SE1044L 104890 1.0 480/3 H 2.4 
SE1054L 104891 1.0 60013 j 1.9 

Mechanical Swttch on SE51A, cord 16/2, SJOW. 0.320 (8.1mm) O.D, Piggy-Back Plug 
Mechanical Swttch on SE·AU. cord 1412. SJOW, 0.345 (8.8mmi 0.0. 

IMPORTANT! 

SE51AU, SE52AU 

f~ 

LOCKED 
ROTOR 
AMPS 

21.3 

21.3 

21.3 

14.9 

14.9 

9.8111.0 

5.3 

34 

21.5125.8 

13.7(15 4 

7.7 

7.2 
21.5/25.8 

13.7/15.4 

7.7 

7.2 

CORD CORD 
SIZE TYPE 

1413 SJTOW 

1414 sow 
1414 sow 
1413 sow 
14/4 sow 
14/4 sow 
14/4 sow 
1413 sow 
14/4 sow 
1414 sow 
14/4 SOW 

1 .) PUMP MAY BE OPERATED "DRY' FOR EXTENDED PERIODS 1'-IITHOUT DAMAGE TO MOTOR AN:J/0~ SEALS. 
2.) THIS PUMP IS APPROPRIATE FOR THOSr APPliCATIONS SPtCifiED AS CLASS l OIV•SION 11 HA7..AROOUS LOCATIONS. 
3) THIS PUMP IS NOT APPROPRIATE FOR THOSE APPLICATIONS SPECiflt:D AS CtASS I DIVISION I HAZARDOUS LOCATIONS. 

CORD 
O.D 

inch (mm) 

0.530 ( 1 3.5) 

0 530 (13.5) 

0.570 (14.5) 

0.570 ( 14.5} 

0.570 (14.5} 

0.530 ( 13.5) 

0.570 (14.5) 
0.570 (14 5) 

0.570 (14.5) 

0.530 (13.5) 
0.570 (14.5) 

0.570 (14.5) 

0.570 (14.5) 

4.) INSTALLATIONS SUCH AS DECORATIVE FOlJNTAINS OR WATFR fSATUR.ES PROVIDF.D FOR VISUAL ENJOYME'NT MUST Be INSTALLED IN ACCORDANCE 
WITH THE NATiONAL ELECTRIC CODE ANSIINFPA 70 ANOtOR THE AUTHORf!'Y HAVING JURISDICTION Tt!IS PUMP IS NOT lr--;TENOED FOR USE IN 
SWIMMING POOLS. RECREATIONAl. WATER PARKS. OR INSTAl LATIONS IN WHICH HlJMAN CONTACT WITH PUMPED ME'DIA !$A COMMON OCCURRENCE . 
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TOTAL HEAD 
METERS FEET 

14 

12 

10 

8 

6 

4 

2 

U.S. GALLONS 

PER MINUTE 

LITERS 
PER SECOND 

2 

50 

4 

100 

6 8 

150 

10 

Series SE -L 
Performance Curve 

0.5, 0.75, 1 HP, 1750RPM, 60Hz 

1%" & 2" Discharge 

STANDARD IMPELLER SIZES 
Pump HP Impeller Dia. 

0.50 5.25 (133) 
0.75 5.62 (143) 
1.00 6.00 (152) 
Service Factor. 1.85 

200 250 300 

12 14 16 18 

Testing is performed with water. specific gravity 1.0 @ 68" F @ (20"C), other flu1ds may vary performance 
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BARNES® 
www.cranepumps.com 

DISCHARGE ............................... 2" NPT, Female, Verttcal, Boll-on Flange 
LIQUID TEMPERATURE ............. 104•F (40~C) Continuous 
VOLUTE ....................................... Cast Iron ASTM A-48, Class 30 
MOTOR HOUSING ...................... Casllron ASTM A-48. Class 30 
SEAL PLATE .............................. Cas! Iron ASTM A-48, Class 30 
IMPELLER: Design .................... 2 V<tne. optm. with pump out vanes on 

back side Dynamically balanced. ISO G6.3 
Material .................. Cast Iron ASTM A-48, Class 30 

SHAFT ....................................... .416 Stainless Steel 
SQUARE RINGS .......................... Buna-N 
HARDWARE ................................ 300 Series Stainless Steel 
PAINT .......................................... .Air Dry Enamel 
SEAL: Design .................... Single Mechanical 

Material ................... Carbon/CeramidBuna-N 
Hardware -300 Senes Stainless 

CORD ENTRY .............................. 20 ft. (6.1 m) Cord with plug on 120 volt & 
.5HP. 240 volt. 1 phase. Quick connect 
custom molded for sealing and stratn relief 

SPEED ......................................... 1750 RPM (Nominal} 
UPPER BEARING ........................ Single Row. Ball. Oil lubricated 

Load ........................ Radial 
LOWER BEARING ....................... Single Row. Ball, Oil lubricated 

Load ........................ Radial & Thrust 
MOTOR: Design .................... NEMA L -Single Phase. NEMA B -Three 

phase Torque Curve. Oil Filled. Squirrel 
Cage Induction 

lnsulaiiDn ................. Ciass B 
SINGLE PHASE ........................... Permanenl Split Capacitor (PSC) 

Includes Overload Protection 1n Motor 
THREE PHASE ............................ 200-240/480 is Tri-Vol!age notor 600V. 

Requires overload Proteclton to be 
included in control panel 

LEVEL CONTROL ....................... "A" ·VI/ide Angle, PVC. MechanicaL 
15ft (5m) r,ord with Piggy-Back Plug. N/0 

"AU"· Wide Angle. Polypropylene. 
Mechamcal. N/0 Integral to pump. 
ON and OFF Points are adjustable 

OPTIONAL EQUIPMENl ............. Seal Materisl. Impeller Trims, Additional 
cord. Normally Closed Temperature Sensors with cord for 3 phase pumps 
(Requires relay in control panel). 

PUMPS & SYSTEMS 

Series SE-L 
2" Spherical Solids Handling 

Manual & Automatic. 

1 ~., & 2" Discharge 

Series: SE (SE51 & SE52) 
.5, . 75, 1.0HP, 1750RPM, 
60Hz 

CSA 108 
UL 778 
LR16567 

Sample Specifications Sect•on 1 Page 5. 

DESCRIPTION: 

SUBMERSIBLE NON-CLOG SEWAGE PUMP 
DESIGNED FOR TYPICAL RAW SEWAGE 
APPLICATIONS 
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Series SE-L 
2" Spherical Solids Handling 

.anual & Automatic 

BARNES® 
www.cranepumps.com 

1Yz" & 2" Discharge 

SE51, SE52, SE-L SE51 A, SE52A 

1.50 
(38} 

.~ I 
(124) 

-' 975 

t;=T""<:.--__ j~) 

-· /"'...... 

! I 
I : . 

SE51AU, SE52AU 

.---)iz~-----
r--625~ 150 
1 (159) ! {311) 

! ~lj :~) 

~~~!E~ -, ~~ ~ i~~~ 
0.66 J 

----~[ 
MODEL NO 

Mechanical Switch on SE51A. cord 1612, SJOW 0 320 (B.1mm) 0 D. Piggy-Back Piug 
Mechanical Swrtr;h on SE-AU, cord 14i2. SJOW, 0 345 (8.8mm) 0.0. 

IMPORTANT I 
1 ) PUMP MAY BE OPERATED "DRY" FOR EXTENDED PERIODS WITHOUT DAMAGE TO \lOTOR ANDIOR SEALS. 
2.) Tl i!S PUMP IS APPROPRIATE FOR THOSF APf'L !CATIONS SPECIFIED AS ClASS I DIVISION I! HAZARDOUS LOCATIONS 
3 ) THIS PUMP IS NOI APPROPRIATE FOR TIIOSE APPLICATIONS SPECIFIED AS CLASS I OIVISIO'II HAZARDOUS LOCATIONS 

CORD 
O.D 

4 ) INSTALLATIONS SUCl' AS DECORATIVE FOUNTAINS OR WATER FEAniRFS PROVIDED FOR VISUAL ENJOYMENT MUST BE I"JSTALLED IN ACCORDANCE 
WITH THE NATIONAL ELECTRIC CODE Afo;SIINFPA 70 ANDIOR THE AUTHORITY HAVING JURISDICTION THIS PUMP IS NOT INTENDED fOR USE N 
SWIMMING POOLS. RECRF~TIONAL WATr:R PARKS, OR INSTALLATIONS IN WHICH HVMA!I: CONTACT WITH PUMPED MEDIA IS A COMMON OCCURRENCE. 

r , 

i CRANE I PUMPS & SYSTEMS 
L___ 81 
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BARNES® Series SE -L 
Performance Curve 

www.cranepumps.com 0.5, 0.75, 1HP, 1750RPM, 60Hz. 

1% ·· & 2" Discharge 

TOTAL HEAD 
METERS FEET 

STANDARD IMPELLER SIZES 
PumpHP 

14 0.50 

12 
40 

10 

30 

8 

6 

4 -+-
10 

2 

U.S. GALLONS 50 100 
PER MINUTE 

LITERS 

PER SECOND 
2 4 6 

150 

8 10 12 

200 

0.75 
1.00 

14 

-; 

I V10487 1 -

250 300 

16 18 

Testing IS performed with water, specific gravity 1.0 @ 68° F @ (20"C). other fluids may vary performance 
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Project : OMEGA 
LD:SYS OH 
FBD:DAILY FLOW TOTAL STORAGE 01 - - - -
FBD:DAILY FLOW TOTAL STORAGE 02 - - - -
FBD:DAILY FLOW TOTAL STORAGE 03 - - - -
LD:SHUTDOWN 
LD:DISCHARGE WETWELL AND PUMP - - -
LD:AIR STRIPPER 
LD:BAGFILTER SCALENT VGAC - -
LD:EXTRACTION WELLS 
LD:ANALOG 
LD:AD ALARMS 
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• P L C - C o n f i q u r a t i o n 

---------------- PLC Selection 

PLC Type 
Exec Id 
Memory S12e 
Extended Memory 
IEC Runtime 
IEC Usable Memory Size 

171 CCC 960 30-IEC 
899 
20 K logic I 16 K state 
No 
Enabled 
0 

----------------PLC Memory Partition 

Coils (Ox} 
Discrete Inputs (lx} 
Input registers (3x} 
Holding registers (4x} 

1536 
512 
48 
1872 

000001-001536 
100001-100512 
300001-300048 
400001-401872 

---------------ASCII Setup 

Total Message 
Message area size 
ASCII Ports 

----------------Configuration Extensions 

Data Protection 

• 
Peer Cop 
Hot Standby 
Ethernet 

No 
No 
No 
1 

No 

• 

Profibus DP 

-----------------Specials 

Battery Coil 
Timer Register 
Time Of Day 
Duplicate coils 
First Coil Address 
Watchdog Timeout [ms*lO] 
Online Editing Timeslice [ms] 

Version: 9/15/2009 10:47:43 

No 
400090 
400050 - 400057 
No 

30 
20 

29.09.09 

Page: 



Segment S c h e d u 1 e r • Schedule Type of Solve Reference Sense Segment Drop Input Drop Output 

1 Cont1nuous 1 1 1 
2 Continuous 2 
3 Cont1nuous 3 
4 End of Logic 
5 End of Log1c 
6 End of Logic 
7 End of Logic 
8 End of Logic 
9 End of Log1c 

10 End of Log1c 
11 End of Log1c 
12 End of Log1c 
13 End of Logic 
14 End of Logic 
15 End of Logic 
16 End of Logic 
17 End of Logic 
18 End of Logic 
19 End of Log1c 
20 End of Log1c 
21 End of Logic 
22 End of Logic 
23 End of Logic 
24 End of Logic 
25 End of Logic • 26 End of Logic 
27 End of Logic 
28 End of Logic 
29 End of Logic 
30 End of Logic 
31 End of Logic 
32 End of Logic 

Ethernet Parameters 

Slot Module Name IP Cfg Internet Addr Subnet Mask Gateway Addr Frame Type Health Block Diag Block 

1-1 lil CCC 960 30-> Specify 192.168.100.002 255.255.255.000 000.000.000.000 Ethernet II 

• 
Version: 9/15/2009 10:47:43 Page: 



• Hodbus P o r t S e t t i n g s (Bridge Mode: No) 

Port Baudrate Data bits Stop bits Parity Delay (ms) Address Head Slot Mode Protocol 

2 9600 8 1 even 10 1 0 RTU RS485 

• 

• 
Version: 9/15/2009 10:47:~3 Page: 7 



Drop 

1 

2 

Type 

Momentum 
I/O Bus 

Drop Type: Momentum 

Slot Module name 

1 ADI-540-50 

Drop Type: I/0 Bus 

Slot Module name 

1 ADI-540-50 
2 ADI-540-50 
3 AD0-540-50 
4 AD0-540-50 
5 AAI-030-00 
6 AAI-030-00 
7 AAI-030-00 
8 AA0-921-00 
9 AAI-030-00 

Input Range 

100001-100016 

Input Range 

100017-100032 
100033-100048 

300001-30000S 
30000 9-300016 
300017-300024 

300025-300032 

Vers1on: 9/15/2009 10:47:43 

I I 0 M a p 

Remote (Head slot 0) 

Modules 

Output Range 

Holdup [ms] 

Local Drop 

Drop 1 

16 
544 

Module description 

120V AC-16 Pt Input 

Output-Bits 

624 

Remote (Head slot 0) 

Drop 2 

Output Range Module descr1pt1on 

120V AC-16 Pt Input 
120V AC-16 Pt Input 

000001-000016 120V AC-16 Pt Output 
000017-000032 120V AC-16 Pt Output 
400009-400016 Analog-S Ch differential Input 
40001H00024 Analog-S Ch dlfferential Input 
400025-400032 Analog-S Ch differential Input 
400001-400005 Analog-4 Ch 4-20mA Output 
400033-400040 Analog-S Ch differential Input 

Status Reg. Act1vate 

In/Out-Type Timeout-State 

BIN 

In/Out-Type Timeout-State 

BIN 
BIN 
BIN 
BIN 

• 
Page: 8 
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Channel 
1 

2 

4 

5 

Type 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1. .5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 

Parameter Word 1: AAAA 
Parameter Word 2: AAAA 

Channel 
1 

2 
3 
4 

5 

Type 
1 .. 5 V and 4 .. 2 OrnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5 V and 4 .. 2 OrnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 
1 .. 5V and 4 .. 20rnA 

Parameter Word 1: AAAA 
Parameter Word 2: AAAA 

Channel Type 
1 1.. 5V and 4 .. 20rnA 
2 1. . 5V and 4 .. 20rnA 
3 1.. 5V and 4 .. 20rnA 
4 1.. 5V and 4 .. 2 OrnA 
5 1. . 5V and 4 .. 20rnA 

1.. 5V and 4 .. 2 OrnA 
1.. 5V and 4 .. 2 OrnA 
1.. 5V and 4 .. 20rnA 

Parameter Word 1: AAAA 
Parameter Word 2: AAAA 

Channel 
1 

2 

Type 
Output to Zero 
Output to Zero 
Output to Zero 
Output to Zero 

ProJect 29.09.09 
OMEGA 

Parameter AAI-030-00 (Slot 5) 

Parameter AAI-030-00 (Slot 6) 

Parameter AAI-030-00 (Slot 7) 

Parameter AA0-921-00 (Slot 8) 

Parameter Word 1: 1111 

-~------------------~ 

Version: 9/15/2009 10:47:43 Page: 



Channel 
1 
2 

3 
4 
5 
6 

Type 
1 .. 5V and L.20mA 
1. .5V and 4. .20mA 
1.. SV and 4 •• 20mA 
1. . 5 v and 4 •• 2 OmA 
1 .. 5V and 4 .. 20mA 
1 .. 5V and 4 .. 20mA 
1.. 5V and 4 •• 20mA 
1 .. 5V and 4 .. 20mA 

Parameter Word 1: AAAA 
Parameter Word 2: AAAA 

Version: 9/15/2009 10:47:43 

Parameter AAI-030-00 (Slot 9) 

• 

• 
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Datatypes from Library COMM 

(* library.dty Der1ved datatypes definition file: ') 

(* You should edit this file, 1f you need some der1ved datatypes *) 

(* in conjunction with EFBs of this library. *) 
(* Syntax is given by IEC 1131-3 ST (Structured Text) language *) 

(' fur ICNT und ICOM (Interbus S) *) 

TYPE 
Ibc: 

STRUCT 
service: BYTE; 
err cd: BYTE; 
err cl: BYTE; 
cr: BYTE; 
size: BYTE; 
e _par: BYTE; 
index: WORD; 
sub1ndex: BYTE; 
fillbyte_1: BYTE; 
fillword 1: l~ORD; 

fill word 2: NORD; 
fillword 3: WORD; 
fill word 4: WORD; 
fillword 5: WORD; 
fillword 6: WORD; 

END STRUCT; 

WordArr5: ARRAY [1 .. 5] OF WORD; 

WordArr128: ARRAY [1 .. 128] OF WORD; 

Ibd: 
STRUCT 

data: NordArr128; 
END STRUCT; 

END TYPE 

(* data type XMIT_SET contains a structure of configuration parameters *) 
(* for the XMIT EFB (added by Joerg Klatte) *) 

TYPE 
XMIT CFG: 

STRUCT 
Revis1on WORD; 
FaultStatus WORD; 
UserAvail 1 WORD; 
BaudRate WORD; 
DataBits WORD; 
Parity WORD; 
StopBits WORD; 
UserAvail 2 WORD; 

Version: 9/15/2009 10:47:43 
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Schne1der Automation Project 29.09.09 
Concept OMEGA 

table continued ... 

Datatypes from Library COMM 

CommandWord WORD; 
MessagePtr WORD; 
Message Len WORD; 
RespT1meOut WORD; 
RetryL1mit WORD; 
XmStartDelay: WORD; 
XmEndDelay : WORD; 
CurrentRetry: WORD; 

END_STRUCT; 
END TYPE 

TYPE 
XMIT SET: 

STRUCT 
BaudRate WORD; 
DataBits BYTE; 
Parity BYTE; 
StopBits BYTE; 
CommandWord WORD; 
Message Len WORD; 
RespTimeOut WORD; 
RetryLimit WORD; 
XmStartDelay: WORD; 
XmEndDelay WORD; 

END STRUCT; 
END TYPE 

• 
Version: S/15/2009 10:47:43 Page: 12 
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Schneider Automation Project 
Concept OMEGA 

Datatypes from Ll.brary CONT_CTL 

(* cont_ctl.dty derived datatypes for the EFB library CONT_CTL *) 

TYPE 

( * TOTALIZER *) 

Mode TOTALIZER: I* Operating modes ') 
STRUCT 
hold : BOOL; I* Freeze the Integration ') 
rst : BOOL; (* Reinitialize the function block *) 

END STRUCT; 

Para TOTALIZER: I* Parameters ') 
STRUCT 
thld : REAL; I* Integration threshold *) 
cutoff : REAL; I* Integration cutoff *) 
Inc dec : BOOL; I* 0 = Increase I 1 = decrease ') 

END STRUCT; 

Info TOTALIZER: I* Information parameters *) 
STRUCT 
outc REAL; I* Accumulated value since the beginning of the integration *) 
cter : UINT; ( * Integration counter *) 

done : BOOL; ( * Threshold reached *) 

END STRUCT; 

I* SCALING *) 

Para SCALING: (* Parameters type *) 
STRUCT 
In min 
In max 
out min 
out max 

REAL; 
REAL; 
REAL; 
REAL; 

(' IN scale lower limit *) 
(* IN scale higher limit *) 
(' OUT scale lower limit ') 
(' OUT scale higher limit ') 

cllp: BOOL; (*AT 1 if IN not in [IN_MIN IN_MAX]; OUT is clipped*) 
END STRUCT; 

(' SUM_W *) 

Para SUM W : (* Parameters type *) 
STRUCT 
kl: REAL; I* Weight of INl *) 
k2: REAL; ( * Weight of IN2 *) 
k3: REAL; ( * Weight of IN3 *) 
c1: REAL; I* Offset of sum *) 

END STRUCT; 

(. RATIO ') 

Para RATIO : (* Parameters type *) 
STRUCT 
k min: REAL; (* K scale lower limit *) 

Version: 9/15/2009 10:47:43 

29.09.09 
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Schneider Automation Project 
Concept OMEGA 

table continued ... 

Data types from Library CONT _ CTL 

f:_ max: REAL; I* K scale h1gher limit * l 
sp_min: REAL; I' SP scale lower limit *) 

sp_max: REAL; I* SP scale higher limit *) 
bias: REAL; I* Bias *) 

END STRUCT; 

I* DTIME *) 

buffer_DTIME I* Buffer type *) 
ARRAY[1 .. 100)0F REAL; (* Default size 1s 100 *) 

( * STEP2 *) 

Para STEP2 : 
STRUCT 
dev 11 : REAL; 
dev hl: REAL; 
pv _lnf: REAL; 
pv_sup: REAL; 

END STRUCT; 

(* STEP3 *) 

Para STEP3 : 
STRUCT 

(* Parameters type *) 

I* Deviation lower threshold *) 
( * Deviation higher treshold *) 

( * PV scale lower limit *) 
( * PV scale higher limit *) 

(* Parameters type *) 

dev _11: REAL; ( • Deviation lower threshold *) 

dev_hl: REAL; (* Deviation higher treshold *) 

hyst: REAL; (* Hysteresis *) 
pv_inf: REAL; (* PV scale lower limit *) 

pv_sup: REAL; (* PV scale higher lim1t *) 

END STRUCT; 

( * MFLOW *) 

Para MFLOW : I* Parameters type *) 
STRUCT 
k : REAL; (• Adjustment factor *) 
en _pres : BOOL; ( • Validat1on of PRES input •) 
pr_pa : BOOL; (* 0 : relative pressure ; 1 : absolute pressure *) 

pu : REAL; (* Pressure of 1 Atm *) 
en_ temp : BOOL; ( • Validation of TEMP input *) 

tc_tf : BOOL; (* 0 : temperature in •c ; 1 : temperature in •r *) 

en_sqrt : BOOL; (* Validatio of the square root computation *) 

END STRUCT; 

I* RAMP * l 

Para RAMP : 1• Parameters type •) 
STRUCT 
inc rate REAL; (. Ramp increase speed (unlt 1/s) *) 
dec rate REAL; (. Ramp decrease speed (unlt 1/s) . ) 

Vers1on: 9/15/2009 10:47:43 

29.09.09 

Page: 14 



• 

• 

• 

Schneider Automation Project 
Conc.ept OMEGA 

table continued ... 

Datatypes from Library CONT_CTL 

END STRUCT; 

(' MS ') 

Para MS : (* Parameters type ') 
STRUCT 
out m1n 
out max 
inc rate 
dec rate 

RE.l\L; (' 
REAL; (' 
REAL; (' 
REAL; (' 

OUT scale lower limit ') 
OUT scale higher limit *) 

Increment rate on manu/auto 
Decrement rate on manu/auto 

outb1as REAL; (' Bias *) 

if USE BIAS 
if USE BIAS 

use bias BOOL; (' Bias handling if USE_BIAS =1 ') 

(unit 1/s) 
(unit 1/s) 

*) 

*) 

bumpless BOOL; (' If 1 and USE BIAS = 1, bumpless changeover from manu to auto got by BIAS change ') 
END STRUCT; 

( * PIDFF ') 

Para PIDFF 
STRUCT 
id 
pv_inf 
pv_sup 
out 1nf 
out sup 
rev dir 
mix_par 
aw_type 
en rcpy 
l:p 
ti 
td 
l:d 
pv_dev 
bump 
db and 
gain kp 
ovs att 
outbias 
out min 
out max 
outrate 
ff 1nf 
ff _sup 
otff inf 

(' Parameters type ') 

UINT; (' Reserved for AUTOTUNE ') 
REAL; ( • PV scale lower limit •) 
REAL; (' PV scale higher limit ') 
REAL; (' OUT scale lower lim1t ') 
REAL; (' OUT scale higher lim1t *) 

BOOL; ( • Reverse ( 0) or direct ( 1) act1on ') 
BOOL; ( • Mixed ( 0) or parallel ( 1) PID •) 
BOOL; (' Standard velocty algorithm (0) or smoothed anti-windup mecanism (1) *) 
BOOL; (' Validation of RCPY input ') 
REAL; (* Proportional gain 1n physical units *) 
TIME; (' Reset time in seconds ') 
TIME; ( • Rate time 1n seconds •) 
REAL; (' Transitory deviation ga1n *) 
BOOL; (' Derivative action on PV (0) or DEV (1) ') 
BOOL; (' Change to auto mode without (0) or with (1) bump *) 

REAL; (' Dead band on the deviation in physical units ') 
REAL; (' Proportional act1on weight inside the dead band *) 

REAL; (' Overshoot attenuation ') 
REAL; ( • Manual reset •) 
REAL; (' Output lower limit (ln automatic mode) *) 
REAL; (' Output h1gher limit (in automatic mode) ') 
REAL; (* Output rate of change limit 1n output un1ts per second (inhibited when OUTRATE = 0) *) 
REAL; (' FF scale lower lim1t *) 

REAL; ( • FF scale higher limit ') 
REAL; (' OUT FF scale lower limit ') 

otff sup REAL; (' OUT_FF scale h1gher limit *) 
END STRUCT; 

Info PIDFF (' Informat1on parameter *) 

STRUCT 
dev REAL; (. Deviation PV - SP *) 

out ff REAL; (' Feedforward action *) 

Vers1on: 9/15/2009 10:47:43 
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table continued ... 

Datatypes from Library CONT _CTL 

END_STRUCT; 

{ • PI_ B *) 

Para PI B 
STRUCT 
id 
pv _inf 
pv _sup 
out inf 
out_sup 
rev du 
en rcpy 
l:p 
ti 

{' Parameters type *) 

UINT; (. Reserved for AUTOTUNE . ) 
REAL; (. PV scale lower lim1t *I 
REAL; { t PV scale higher limit •) 
REAL; ( t OUT scale lower lim1t ') 
REAL; ( t OUT scale higher limit *) 
BOOL; ( t Reverse (0) or direct ( 1) action * l 
BOOL; (. Validation of RCPY input *) 
REAL; I* Proportional gain 1n phys1cal units *I 
TIME; I • Reset time in seconds *) 

dband 
outbias 
END STRUCT; 

REAL; ( + Dead band on the dev1ation 1n physical units 
REAL; ( t Manu a 1 reset +) 

( • SP _ SEL *) 

Para SP SEL : (* Parameters type *) 
STRUCT 
sp_min : REAL; (* SP scale lower lim1t *) 

sp_max : REAL; (' SP scale higher lim1t *) 

*) 

bump : BOOL; (* The changeover from remote to local setpoint is bumpless (0) or with bump by restoration of the prev1ous local 
setpoint ( 1) *) 

track : BOOL; (• At 1 : if the controller is in manual mode, the setpoint is set to PV *) 
rate : REAL; (* Setpoint slew rate l1mit 1n the case of setpoint changeover from remote to local setpo1nt. If not 0 bumpless 

changeover (unit : 1/s) *) 
END STRUCT; 

(' SERVO *) 

Para SERVO : (* Parameters type *) 
STRUCT 
en_rcpy : BOOL; 
rcpy_rev: BOOL; 
t motor : TIME; 
t mini TIME; 

END STRUCT; 

{ * AUTOTUNE •) 

(' AT 1 : functioning with feed back *) 
(* RCPY direct (0) ; RCPY reversed Ill *) 
(* Time to cover the full scale range *) 

(* Min1mum pulse duration if no feed back *) 

Para AUTOTUNE: (* Parameters type *) 

STRUCT 
step_ampl: REAL; (* Output step value •) 
tmax: TIME; 
perf: REAL; 
plant_type: WORD; 

END_STRUCT; 

(* Duration of steps •) 
(* Performance criterion ') 

(* Type of plant •) 

Version: 9/15/2009 10:4i:43 Page: 16 
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table continued ... 

Data types from Library CONT _ CTL 

Info AUTOTUNE: I' Information parameters ') 
STRUCT 

I* Diagnostic word *) diag: UDINT; 
pl_prev: REAL; 
p2_prev: REAL; 
p3_prev: REAL; 
p4_prev: REAL; 
p5_prev: REAL; 
p6_prev: REAL; 

END_STRUCT; 

I' Previous value of parameter ') 
I* Previous value of parameter 2 *) 

I' Previous value of parameter 3 ') 
I* Previous value of parameter 4 *) 

I* Previous value of parameter 5 *) 
I* Previous value of parameter 6 ') 

I* MULDIV_W *) 

Para_MULDIV_W : I* parameters type ') 
STRUCT 

I* 

t: REAL; I' Weight of the calculation *) 
cl: REAL; I* Offset of the first 1nput ') 
c2: REAL; I* Offset of the second input •) 
c3: REAL; I* Offset of the third 1nput *) 
c4: REAL; I' Offset of the result ') 

END STRUCT; 

SPLRG *) 

Para SPLRG : I' parameters type . ) 
STRUCT 
outl thl: REAL; I* Input value for OUTl = outl 1nf 
outl th2: REAL; I • Input value for OUTl = outl_ sup 
outl 1nf: REAL; I* Low limit of OUTl ') 
outl_sup: REAL; I • High l1mit of OUTl ') 
out2 thl: REAL; I • Input value for OUT2 out2 1nf 
out2 th2: REAL; I • Input value for OUT2 = out2_sup 
out2 inf: REAL; I • Low limit of OUT2 ') 
out2_sup: REAL; I* High limit of OUT2 *) 

END STRUCT; 

I* globally used structures for CLC_PRO *) 

Mode MH STRUCT 
man : 800L; 
halt : 800L; 

END STRUCT; 

Stat MAXMIN STRUCT 

I' Manual mode ') 
I* Halt mode *) 

. ) 
*) 

. ) 
*) 

qmax : 800L; 
qmin : 800L; 

END_STRUCT; 

I* '1': Y >=Maximum*) 
I* '1': Y <=Minimum*) 

Vers1on: 9/15/2009 10:47:43 
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Concept OMEGA 

table continued ... 

Data types from Ll.brary CONT _ CTL 

(' VLIM i) 

Para VLIM: STRUCT 
rate REAL; ( i Maximum velocity *) 

ymax REAL; ( * Max. output limit *) 

yrnin REAL; ( * Min. output limit *) 

END STRUCT; 

( * PWMl *) 

Para PWMl STRUCT 
t_period TIME; ( * timelapse between impulses in sec *) 

t min TIME; ( i M1nimum time for set impulse in sec *) 

in max REAL; ( * Range for X ( 0 .. x _max) *) 

END STRUCT; 

( * ALIM *) 

Para ALIM STRUCT 
max v : REAL; ( * Max1mum velocity ') 

max a : REAL; (* Max. acceleration rate *) 

END STRUCT; 

( * PCON3 *) 

Para PCON3 STRUCT 
ga1n REAL; ( * Feedback gain *) 

lag_ neg TIME; ( * Feedback time constant *) 

lag_pos TIME; ( * Feedback time constant *) 

hys REAL; ( * Hysteresis *) 

db REAL; ( * Non sensitive zone (deadband) *) 

xf man REAL; ( * feedback reset value *) 

END STRUCT; 

( * SCON3 . ) 
Para SCON3 STRUCT 

ga1n REAL; ( * Proportional gain *) 

ti TIME; ( * AdJUStment time *) 

t_proc TIME; I* Time constant of value *) 

hys REAL; I* Hysteresis *) 

db REAL; (* Non sensitive zone *) 

END STRUCT; 

(. DERIV . ) 
Para DERIV STRUCT 

ga1n REAL; (* Gain . ) 

Version: 9/15/2009 10:47:43 Page: 18 
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table continued ... 

( * INTEG 'I 

lag : TIME; 
END STRUCT; 

Para INTEG STRUCT 
ga1n REAL; 
yrnax REAL; 
ymin REAL; 

END_STRUCT; 

(' COMP PID *I 

Mode COMP PID : STRUCT 
r 8001; 
man 8001; 
halt 8001; 
cascade 800L; 
en _p 8001; 
en i 8001; 
en d 800L; 
d _on _pv 800L; 

halt aw 800L; 
bump 800L; 
ymanc 800L; 

END STRUCT; 

Project 
OMEGA 

Data types from Library CONT _ CTL 

(* time lag *I 

(' Integral gain 'I 
(* Maximum output lim1t *I 
(* M1nimum output limit 'I 

(* Controlbloct for KPID 
(* reset mode (l=Reset, Y=YRESETI 
(* Manual mode (!=Manual, Y=YMANI 
(' Halt mode (l=Halt, Y=unchangedl 
(* cascade mode(l=cascadel 
( * 1= P-term on 

'I 
*I 
'I 
*I 
*I 
*I 

(* 1= I-term on *I 
(* 1= D-term on 'I 
(* Differential term works on PV (=1) ') 
(* on ERR(=OI ') 
(* 1= Antiwindup Halt, 0= Antiwindup Reset *) 
(* 0= bumpless mode change *I 
(* 1= YMAN nachfuehren *I 

Para COMP PID : STRUCT 
gain 

(* KPID Parameter Bloct 
REAL; (* Proportional gain 

*) . ) 
*) . ) ti 

td 
td_lag 
db 

TIME; (' time adjustment constant 
TIME; (* Suspension time constant 

gain red 
rate sp 
rate man 
ymax 

TIME; 
REAL; 
REAL; 
REAL; 
REAL; 
REAL; 

(' time lag constant ') 

(* Non-sensitive zone *) 

(* gain reduct1on 1n non-sens1t1ve zone 'I 
(* Increment-llmit for setpoint 'I 
(* Increment-llmit for manual setpo1nt 'I 
(* upperlimit for Y 'I 

ym1n REAL; (* lowerlimit for Y 'I 
delt aw REAL; (* Lim1t extens1on for Ant1windup *) 

END STRUCT; 

Stat COMP PID : STRUCT 
st r 

st man 
st halt 
st auto 

800L; 
800L; 
BOOL; 
BOOL; 

st cascade BOOL; 
st max BOOL; 
st min BOOL; 

END STRUCT; 

Version: 9/15/2009 10:4 7:43 

(' "1" KPID in reset mode 
(* "1" KPID in manual mode 
(* "1" KPID in halt mode 

*I 
'I . ) 

(* "1" KPID in automatic mode ') 
( * "1" KPID in cascade mode ') 
( * "1 n y >= ymax • ) 
(* "1" Y <= ymin ') 

29.09.09 

Page: 19 



table continued ... 

(. PWM '"I 

Para PWM STRUCT 
t_period TIME; 
t_pause TIME; 

TIME; 
t m1n TIME; 
t max TIME; 
up _pos REAL; 
up_neg REAL; 

END_STRUCT; 

r· PDM *) 

Para PDM STRUCT 
t on TIME; 
t_pause TIME; 
t brake TIME; 
pos_up_x REAL; 
pos t_min TIME; 
pos_lo x REAL; 
pos_t_max TIME; 
neg_up_x REAL; 
neg_t_min TIME; 
neg_lo_x REAL; 
neg_t_max TIME; 

END STRUCT 

( * PD or PI *) -

Para PD or PI : STRUCT 
trig_ err REAL; 
gain_d REAL; 
td TIME; 
td_lag TIME; 
gain_i REAL; 
ti TIME; 
ymax REAL; 
ymin REAL; 

END STRUCT; 

( ' LEAD_ LAG •) 

Para LEAD LAG STRUCT 
gain REAL; 
lead TIME; 

Version: 9/15/2009 10:47:0 

Data types from Library CONT _CTL 

( + t1melapse between impulses in sec . ) 
( + t1melapse before braking in sec 'I 
( * Braking Period 1n sec *) 

( + Minimum time for set impulse ln sec *I 
(. Max1mum time for set impulse in sec *I 

r· Upperlimit for posit1ve X *) 

(. Upperlimit for X *) 

(. Length of impulse in sec *) 

( t timelapse before braking in sec *) 

(. Braking per1od in sec ') 
( t Upperlim1t for pos1tive X 'I 
(. Minimum period for open *) 
(. lowerlim1t for pos1tive X *) 
( t Maximum per1od for open t) 

( t Upperlimit for negative X *I 
( t Minimum per1od for closed ') 

( t lowerlimit for negative X . ) 
( + Maximum period for closed *) 

(* Switch value from PD to PI Controller *I 
[. D1fferential Gain *I 
(. Derivative Time constant for PD controller*) 
I • Lag Time for derivative term PD controller* I 
( t Integral Gain *) 

(' AdJustment Time constant for PI controller*) 
{ * Maximum output limit *) 

(* Minimum output limit *) 

( • Gain *) 

(* time constant for differential term *) 
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• table continued ... 

Datatypes from Library CONT_CTL 

lag : TIME; (' timelag constant *I 
END STRUCT; 

( * PI *I 

Para PI STRUCT 
gain REAL; (' Proportional gain 'I 

ti TIME; (' Time Adjustment 'I 
ymax REAL; ( * Maximum Output *I 
ymin REAL; ( * Minimum Output 'I 

END STRUCT; 

( * PID *I 

Mode PID STRUCT 
man BOOL; (' Manual mode *I 
halt BOOL; ( * Halt mode • I 
en p BOOL; ( * Enable proportional term *I 
en i BOOL; ( * Enable integral term *I 
en d BOOL; ( * Enable differential term *I 
d_on_pv: BOOL; ( * Differential term works on PV' I 

• END STRUCT; 

Para PID : STRUCT 
gain REAL; (* Proportional gain 'I 

ti TIME; ( * Adjustment time constant *I 
td TIME; ( * Suspension time constant 'I 
td_lag TIME; ( * Time delay for differential term *I 
ymax REAL; ( * Maximum output limit *I 
ymin REAL; ( * Minimum output limit *I 

END STRUCT; 

( * PID P *I 

Mode PID P STRUCT 
man BOOL; ( * Manual mode *I 
halt BOOL; ( * Halt mode *I 
d_on_pv: BOOL; ( * Differential term works on PV (=ll *I 

( * on ERR(=OI 'I 
revers BOOL; ( * system deviation *I 

END STRUCT; 

Para PID P STRUCT 
kp REAL; (* Proportional gain *I 
ki REAL; ( * Integral gain 'I 
kd REAL; ( * Differential gain 'I 
td_lag TIME; (' lag time of D-term *I 

• ymax : REAL; ( + upperllmi t for Y *I 
ymin REAL; (' lowerlimit for Y *I 

END STRUCT; 

Version: 9/15/2009 10:47:43 Page: 2l 



table continued ... 

( * PI-P and P-PI t) 

Mode PIP STRUCT 
man BOOL; 
halt BOOL; 
fix BOOL; 

END STRUCT; 

Para PIP STRUCT 
ga1n1 RE:AL; 
tl TIME; 
gain2 REAL; 
ymax REAL; 
ymin REAL; 

END_STRUCT; 

( + LAG +) 

Para LAG : STRUCT 
gain : REAL; 

: TIME; 
END STRUCT; 

( + LAG2 *) 

Para LAG2 STRUCT 
gain REAL; 
dmp REAL; 
freq REAL; 

E:ND_STRUCT; 

( + FGEN *) 

Para FGEN: STRUCT 
func no INT; 
amplitude REAL; 
halfperiod TIME; 

t off TIME; 
t rise TIME; 
t ace TIME; 
unipolar BOOL; 

END_ STRUCT; 

( + PCON2 *) 

Para PCON2 STRUCT 
gain REAL; 
lag_ neg TIME; 

Version: 9/15/2009 10:47:43 

Data types from Library CONT _ CTL 

manual mode *) 

halt mode *) 

fix mode *l 

(' Proportional ga1n for Main Controller *) 

(* Time Adjustment for PI-Controller *) 

(* Proportional gain for Sub Controller *) 

(* Maximum Output 
(* Minimum Output 

(. 

(* Gain *) 

(* Time-Lag *) 

(* Ga1n *) 

{* damping factor *l 
(* cycle frequence *l 

( + Function number (1-8) 
( * amplitude 
{ * Halfperiod length 
switchoff time constant 
[• rising time 
( + acceleration per1oa 

*) 

( * uni- or bi-polar function 

(* Feedback gain *I 
(* Feedback time constant *I 

*) 

*) 

*) 

*) 

*) 

*) 

*) 

*) 
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~ table continued ... 

lag_pos 
hys 
xf man 

END STRUCT; 

I' QPWM +) 

Para_QPWM STRUCT 
t_period 
t min 
x max 

END STRUCT; 

END TYPE 

~ 

~ 

Version: 9/15/2009 10:47:43 

TIME; 
REAL; 
REAL; 

TIME; 
TIME; 
REAL; 

ProJect 
OMEGA 

Data types from Library CONT _CTL 

(' Feedback time constant *) 
(' Hysteresis ') 
(' manual feedback value ') 

I' timelapse between impulses in sec ') 
I' Minimum time for set Impulse In sec ') 
I' Range for X 10 .. x_max) ') 

29.09.09 
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TYPE 

PCV IN: 
STRUCT 

auftrag: INT; 
parameter: INT; 

END STRUCT; 

PCV OUT: 
STRUCT 

response: 
counter: 
st feld: 
laenge: 
klasse: 
typ: 
station: 
q_status: 
m status: 
t kommt: 
t kommt ms: 
blob id: 
t_geht: 
t_geht_ms: 
scan index: 
blob adr: 

INT; 
INT; 
ARRAY [ 1. . 64) OF INT; 
INT; 
INT; 
INT; 
INT; 
INT; 
INT; 
DINT; 
INT; 
INT; 
DINT; 
INT; 
INT; 
DINT; 

blob_gen_time: DINT; 
trans id: INT; 
anz_signale: INT; 
fehler liste: ARRAY [1 .. 20) OF INT; 
add info: ARRAY [1 .. 10) OF INT; 

END STRUCT; 

END TYPE 

Version: 9/15/2009 10:47:43 

Project 29.09.09 
OMEGA 

Datatypes from Library DIAGNO 
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Datatypes from LJ.brary EXPERTS 

TYPE 

(' -----------------general sub data types: ------------------------- ') 

Exp_Status: (* error status of transfer *) 
STRUCT 

ErrFlagl: B001; (* TRUE: epxert not pluged, wrong expert 
DPM-access-error ') 

ErrFlag2: B001; (* TRUE: Bit 7 of DPM Identcode is set; 
logical DMP-access-error *) 

UserStatus: WORD; 
ErrNo: WORD; 

END_STRUCT; 

(* status of expert *) 
(* errornumber ') 

(* ----------------- data blocks, explicitly typed: ------------------ *) 

ByteArr2: 
ByteArr4: 
ByteArr5: 
ByteArr8: 
ByteArr9: 
ByteArrl2: 
ByteArr36: 
IntArrl2: 
WordArr9: 
WordArrll: 
WordArr26: 
WordArr31: 
WordArr256: 
DintArr5: 
DintArrl2: 
DintArr32: 
DintArr84: 
DintArrl25: 

ARRAY [1 .. 2] OF BYTE; 
ARRAY [1 .. 4) OF BYTE; 
ARRAY [1 .. 5) OF BYTE; 
ARRAY [1 .. 8] OF BYTE; 
ARRAY [1 .. 9) OF BYTE; 
ARRAY [1 .. 12) OF BYTE; 
ARRAY [1 .. 36) OF BYTE; 
ARRAY [1 .. 12) OF INT; 
ARRAY [1 .. 9) OF WORD; 
ARRAY [1 .. 11) OF WORD; 
ARRAY [1 .. 26) OF WORD; 
ARRAY [1 .. 31) OF WORD; 
ARRAY [1 .. 256) OF WORD; 
ARRAY [1 .. 5] OF DINT; 
ARRAY [1 .. 12) OF DINT; 
ARRAY [1 .. 32) OF DINT; 
ARRAY [1 .. 84) OF DINT; 
ARRAY [1 .. 125) OF DINT; 

(* bytes *) 
( • bytes •) 
(* bytes *) 

(* 8 bytes *) 

(* 9 bytes ') 
(* block of 12 bytes *) 
('block of 36 bytes ') 
(* block of 12 1ntegers ') 
(* block of 9 words *) 
(* block of 11 words *) 
(* 26 words *) 

(* 31 words *) 

(* 256 words *) 
(* 5 double 1ntegers *) 

(* block of 12 double 1ntegers *) 
(* 32 double integers *) 

(* block of 84 double 1ntegers *) 
(* block of 125 double integers *) 

(* ---------------- ESI spec1fic data structures: -------------------- *) 

DPM Time: (* time stamp *) 

STRUCT 
sync: 
ms: 
min: 
hour: 
day: 

mon: 
year: 

END STRUCT; 

B001; 
WORD; 
BYTE; 
BYTE; 
BYTE; 

BYTE; 
BYTE; 

(* sync clock, pos. edge by hour or telegr. *) 

(* mllli-seconds *) 
(* minutes; (min AND 16#80) = not valid *) 

(* hours; (hour AND 16#80) = summer time *) 

(* days of week: (day AND 16#EO) 1 .. 7 
days of month: (day AND 16#1F) = 1. .31 *) 

( • month *) 

(* year *) 

ESI Status: (* Status of ESI *) 
STRUCT 

wdog: BYTE; (* expert watchdog-counter *) 

Version: 9/15/2009 10:47:43 
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Schneider Automat1on Project 
Concept OMEGA 

table cont1nued ... 

Datatypes from Library EXPERTS 

stat!: BYTE; ( * error status . ) 
stat2: BYTE; ( + error status 2 . ) 
stat3: BYTE; ( * error status 3 . ) 
slot: WORD; ( * slot number •) 
user: WORD; ( + virtual slot number . ) 
es1time: DPM Time; ( * time stamp *) 

END STRUCT; 

ESI Block: (. datas of ESI *) 

STRUCT 
func: BYTE; ( * funct1on *) 

mux: WORD; ( * distnbutlon *) 

attr: BYTE; (. attribut ') 
cause: BYTE; ( * reason •) 
station: WORD; ( + statlon number t) 

object: WORD; ( * ob]ekt number *) 

data: ByteArr9; ( * data bytes *) 

END STRUCT; 

ESI BlockArrl4: ARRAY[l .. 14] OF ESI_Block; (' used as sub type •) 

ESI In Out: 
STRUCT 

tstat: 
blocks: 
res: 
block: 

(. 

END STRUCT; 

ESI input output data structure +) 

BYTE; ( * transfer status, handshake *) 

BYTE; ( + number of used blocks •) 
BYTE; (* reserved *) 
ESI_BlockArrl4; (• data block ') 

ESI In: (' ESI - input data, cyclic transmited, cycle from I/O-Map ') 
STRUCT 

1n: 
esi: 
dummy: 
slot: 

END STRUCT; 

ESI InOut; 
ESI Status; 
BYTE; 
Exp_Status; 

(• ESI input data *) 

(* supplement to modulo 16 •) 

ESI OUT: (* ESI - output data *) 

STRUCT 
tstat: 
blocks: 
res: 

(• or: ESI InOut; alias data t;pes currently not supported *) 
BYTE; (* transfer status, handshake •) 
BYTE; (* number of used blocks *) 
BYTE; (' reserved ') 

block: ESI_BlockArr14; (* data block •) 
END STRUCT; 

(* ---------------- NOA6ll specific data structures: ----------------- ') 

NOAl In: (* input data, mode 1 *) 

STRUCT 
status: WORD; (* status and error flags ') 

Version: 9/15/2009 10:47:43 
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table cont1nued ... 

Datatypes from Library EXPERTS 

busy: WORD; I • 
retrn: WORD; ( t 

diag: WORD; (. 

data: WordArr26; ( * 
END STRUCT; 

NOA2 In: I* 1nput data, mode 2 *) 

STRUCT 
status: WORD; (* 
busy: WORD; ( * 
retrn: WORD; ( * 
diag: WORD; ( t 

ind: WORD; (. 

data: WordArr256; I* 

busy bits of INTERBUS S *) 
return b1ts of INTERBUS S *) 

d1agnostic word of INTERBUS S 
IBS input data *) 

status and error flags *) 
busy bits of INTERBUS S *) 
return bits of INTERBUS S ') 
diagnostic word of INTERBUS S 
ind1cation word of INTERBUS s 
IBS input data *) 

reserved: ARRAY I 1.. 6] OF WORD; I* reserved *) 

END STRUCT; 

NOAl Out: I' output data, mode 1 *) 

STRUCT 
active: WORD; (. act1ve bits of INTERBUS s *) 
data: WordArr31; (. IBS output data *) 

END STRUCT; 

NOA2 Out: I* output data, mode 2 *) 
STRUCT 

active: WORD; I • act1ve bits of INTERBUS s *) 

data: WordArr256; I • ISS output data *) 
reserved: ARRAY I 1.. 7] OF WORD; ( * reserved •) 

END STRUCT; 

. ) 

') . ) 

(' ---------------- MMB I MMD data type structures: ------------------ *) 

MMBD Commands: I* MMB/MMD output data *) 
STRUCT 

mode: BYTE; I* new operating mode for MMB/D *) 

commands: BYTE; I* commands for ax1sgroup 1 and 2 *) 
specCom: BYTE; ( t special commands *) 
dirB1ts: BYTE; I* directlon bits for manual + ref. mode *) 
progNoAG1: BYTE; ( t program number for automat1c mode group 1 *) 
progNoAG2: BYTE; I* program number for automat1c mode group 2 *) 

userDefl: WORD; ( t user defined *) 
userDe£2: WORD; I* user defined *) 
counter: BYTE; ( * transfer counter *) 
dataType: BYTE; ( t data type for optional data •) 
opt Data: WordArrll; (* data according data type *) 

END STRUCT; 

MMBD ActDat: I* MMB/MMD input data *) 

STRUCT 
xStat: BYTE; I* status X axis . ) 

Version: 9/15/2009 10:47:43 
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table continued ... 

Datatypes from Llbrary EXPERTS 

yStat: BYTE; ( * status Y ax1s *) 

zStat: BYTE; ( * status Z aXlS *) 

cStat: BYTE; ( * status C ax1s *) 

errNo: WORD; (* error number *) 

mode: BYTE; ( * actual operating mode for MMB/D *) 
vpStat: BYTE; ( * status of automatic mode *) 
progNoAG1: BYTE; ( * actual program number group 1 *) 

progNoAG2: BYTE; ( * actual program number group 2 *) 

userDefl: WORD; ( * user deflned *) 

userDef2: WORD; ( * user deflned *) 

counter: BYTE; ( * transfer counter *) 
dataType: BYTE; ( * data type for optional data *) 

optData: WordArr9; ( * data according DataType *) 
END STRUCT; 

MMBD PPAR: ( * MMB/MMD PPAR data *) 

STRUCT 
pq: DintArr84; ( * position parameter *) 

pf: DintArr12; ( * speed parameter *) 
pl: ByteArr36; (* label parameter *) 

pt: IntArrl2; ( * dwell time parameter *) 

pv: IntArrl2; ( * voltage parameter *) 
po: ByteArrl2; ( * dig. output parameter *) 

p1: ByteArrl2; ( * dig. input parameter *) 
END STRUCT; 

(* ---------------- EHC 105 specific data structures: ---------------- *) 

EHC105 In: (* actual values *) 
STRUCT 

error: BYTE; (* error flags *) 

final: BYTE; (* final signals *) 

precedl: BYTE; ( * preceded signals 
preced2: BYTE; ( * preceded s1gnals 
actual: DintArr5; ( * actual values *) 

END STRUCT; 

EHC105 Out: (* set point values *) 

STRUCT 
quit: BYTE; ( * quit bits *) 

control: ByteArr5; ( * control bits *) 

flnal: DintArr5; ( * final values *) 

END STRUCT; 

*) 

2 *) 

(* ------------------ ERT specific data structures: ------------------ *) 

ERT Status: ( * status of ERT *) 

STRUCT 
wdog: BYTE; ( * expert watchdog-counter *) 
statl: BYTE; ( * error status 1: - TE - A - - FP FW 

TE ; time normal error 

Vers1on: 9/15/2009 10:47:43 
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table continued ... 

stat2: 
stat3: 

END STRUCT; 

ERT_TimeStamp: 
STRUCT 

group: 
in: 
ms: 
min: 
hour: 
day: 

END STRUCT; 

BYTE; ( * 

BYTE; (. 

(* time stamp 

BYTE; (. 

ByteArr2; (* 

WORD; (. 

BYTE; (' 

BYTE; ( * 
BYTE; (. 

OMEGA 

Datatypes from Library EXPERTS 

A = master watchdog error 
FP = missing parameter 
FW = firmware-error . ) 
not used *) 

error status 3: - TU - - s T p PF 
TU = t1me invalid 
s = slot number error 
T = user number error 
p = parameter invalid 
PF = buffer overflow . ) 
*) 

1nput group •) 
1nput 1 .. 16 *) 

milli-seconds *) 

minutes; (m1n AND 16#80) = not val1d *) 

hours; (hour AND 16#80) = summer time *) 

days of week: (day AND 16#EO) 1 .. 7 
days of month: (day AND 16#1F) = 1 .. 31 • ) 

ERT_TimeStampArr6: ARRAY [1 .. 6] OF ERT_TimeStamp; 

ERT IcField: (. actual value field 1, 1nputs and counter values . ) 
STRUCT 

tstat: BYTE; (' transfer status, handshake . ) 
user: BYTE; ( * virtual slot number *) 
1n: ByteArr4; (. inputs 1 ... 32 *) 

reserved: ByteArr4; ( * reserved *) 
count: DintArr32; (* counter value . ) 

END STRUCT; 

ERT TsF1eld: ( * actual value field 2, time stamped data . ) 
STRUCT 

tstat: BYTE; (* transfer status, handshake . ) 
user: BYTE; (* vutual slot number •) 
ts: ERT_T1meStampArr6; ( * block of t1me stamps *) 

END STRUCT; 

ERT In: (* ERT 1nput datas, cyclic transm1ted, cycle from I/O Map . ) 
STRUCT 

ic: ERT IcField; (. input and counter field . ) 
ts: ERT_TsField; (. time stamped data field *) 

ert: ERT Status; (. expert error status *) 
erttime: DPM Time; (. time stamp *) 
dummy: ByteArrB; (. supplement to modulo 16 *) 

slot: Exp_Status; (. transfer error status *) 

END STRUCT; 

Vers1on: 9/15/2009 10:47:43 
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table continued ... 

Datatypes from Library EXPERTS 

{' ---------------- ERT_TIME specific data structure: ---------------- ') 

SlotStr: ARRAY [ 1.. 32] OF BYTE; {' 32 slots *) 

{' -------------- ERT854 10 specific data structures: ---------------- ') 

ERT 10 TTag: STRUCT 
user: BYTE; {' user number [module No] ') 

input: BYTE; {' input type + input No ') 

in: BYTE; {' Input value l .. 8 ') 
ms: WORD; {' milli-seconds ') 
min: BYTE; {' minutes; {min AND 16#80) = not valid *) 

hour: BYTE; {' hours; {hour AND 16#80) = summer tlme+) 
day: BYTE; {'days of week: {day AND 16#E0) = 1 .. 7 

days of month: {day AND 16#1F) = 1. .31 ') 
END_STRUCT; 

UDintArr32: ARRAY [1 .. 32] OF UDINT; 
Boo1Arr32: ARRAY [1 .. 32] OF 8001; 

{* ------------------------------------------------------------- *) 
{' mvb Derived datatypes ') 

{* ------------------------------------------------------------- *) 
{' MVB_xxxxx: for MVB_258A modul ') 
{' MVB_STATUS for the MVB_IN EFB necessary ') 
MVB_STATUS: ARRAY [1 .. 32] OF WORD; 
MVB_INPUT : ARRAY [1 .. 1024] OF WORD; 
MVB_OUTPUT: ARRAY [1 .. 1024] OF WORD; 

{' ------------------------------------------------------------- ') 

{* ------------------------------------------------------------- *) 
{* simtsx.dty Derived datatypes definition file: *) 

{* ------------------------------------------------------------- ') 

SIMAC PARAM : STRUCT 
NOMBRE UINT; 
OFF SOURCE : UINT; 
OFF DEST : UINT; 

END STRUCT; 

{' Number of variables to copy *) 
{* Offset to first 4x register *) 
{' Offset to first lx ou 3x register') 

{' ------------------------------------------------------------- ') 

END TYPE 

Version: 9/15/2009 10:47:43 
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Concept 

TYPE 
FUZ MD INT: 

STRUCT 
n: INT; 
term1: INT; 
term2: INT; 
term3: INT; 
term4: INT; 
termS: INT; 
term6: INT; 
term7: INT; 
termS: INT; 
term9: INT; 

END STRUCT; 

FUZ MD REAL: 
STRUCT 
n: INT; 
term1: REAL; 
term2: REAL; 
term3: REAL; 
term4: REAL; 
termS: REAL; 
term6: REAL; 
term7: REAL; 
termS: REAL; 
term9: REAL; 

END STRUCT; 

END TYPE 

Version: 9/1S/2009 10:47:43 
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Schneider Automation Project 
Concept OMEGA 

Datatypes from Library IIANDTABL 

('--------------------------------------------') 
( * *) 

(' Strukturen fuer Handtableaubedienung . ) 
( * . ) 
( * UDS: *) 

(. BTMINFO: . ) 
( * BLD2PLC5: *) 

(' *) 

('--------------------------------------------') 

TYPE 

( * *) 

UDS: 
STRUCT 
symType: INT; 
varSize: INT; 
physOffs: DINT; 
selsym: INT; 
ref: INT; 

END STRUCT; 

( * ') 
BTMINFO: 

STRUCT 
UDS left: UDS; 
UDS_right: UDS; 
HmSrnMode: INT; 
SoftButton left: 
SoftButton_right: 

END STRUCT; 

( .... ) 
BLD2PLC5: 

STRUCT 
stamp: UDINT; 
alive: UINT; 
mode: UINT; 
reserve: UDINT; 

BYTE; 
BYTE; 

BTM: ARRAY [1 .. 5] OF BTMINFO; 
END STRUCT; 

END TYPE 

Version: 9/15/2009 10:47:43 
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Concept OMEGA 

• Datatypes from Library LIB984 

I' library. dt y Derived datatypes definition file: 'I 

I' You should ed1t this file, if you need some derived datatypes 'I 
I* in conjunction with EFBs of this l1brary. 'I 
I' Syntax is given by IEC 1131-3 textual language format 'I 

TYPE 

FIFOQUEUE: ARRAY [0 .. 1999] OF 8001; 

DLOG CTRL: STRUCT 
status: WORD; 
operation: WORD; 
window: WORD; 
offset: WORD; 
count: WORD; 
END STRUCT; 

END TYPE 

• 

• 
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Datatypes from Library SYSTEM 

TYPE 

PLCSTATE: STRUCT 
word1 WORD; 
word2 WORD; 
word3 WORD; 
word4 WORD; 
wordS WORD; 
word6 WORD; 
word7 WORD; 
wordS WORD; 
word9 : WORD; 
word10 : WORD; 
wordll : WORD; 
END STRUCT; 

RIOSTATE: STRUCT 
word1 WORD; 
word2 WORD; 
word3 WORD; 
word4 WORD; 
wordS WORD; 
word6 WORD; 
word7 WORD; 
wordS WORD; 
word9 WORD; 
word10 WORD; 
word11 WORD; 
word12 WORD; 
word13 WORD; 
word14 WORD; 
wordlS WORD; 
word16 WORD; 
word17 WORD; 
word18 WORD; 
word19 WORD; 
word20 WORD; 
word21 WORD; 
word22 WORD; 
word23 WORD; 
word24 WORD; 
word25 WORD; 
word26 WORD; 
word27 WORD; 
word28 WORD; 
word29 WORD; 
word30 WORD; 
word31 WORD; 
word32 WORD; 
word33 WORD; 
word34 WORD; 
word35 WORD; 
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table continued ... 

Datatypes from Library SYSTEM 

word87 WORD; 
wordBB WORD; 
word89 WORD; 
word90 WORD; 
word91 WORD; 
word92 WORD; 
word93 WORD; 
word94 WORD; 
word95 WORD; 
word96 WORD; 
word97 WORD; 
word98 WORD; 
word99 WORD; 
wordlOO WORD; 
wordlOl WORD; 
word102 WORD; 
wordl03 WORD; 
word104 WORD; 
word105 WORD; 
wordl06 WORD; 
word107 WORD; 
wordl08 WORD; 
wordl09 WORD; 
wordllO WORD; 
wordlll WORD; 
word112 WORD; 
wordll3 WORD; 
wordl14 WORD; 
wordl15 WORD; 
wordl16 WORD; 
wordl17 WORD; 
wordl18 WORD; 
word119 WORD; 
word120 WORD; 
wordl21 WORD; 
word122 WORD; 
word123 WORD; 
word124 WORD; 
word125 WORD; 
word126 WORD; 
wordl27 WORD; 
wordl28 WORD; 
wordl29 WORD; 
word130 WORD; 
word131 WORD; 
wordl32 WORD; 
wordl33 WORD; 
wordl34 WORD; 
wordl35 WORD; 
wordl36 WORD; 
word137 WORD; 
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• table continued ... 

Datatypes from Library SYSTEM 

wordl38 WORD; 
word139 WORD; 
word14 0 WORD; 
word141 WORD; 
word142 WORD; 
word143 WORD; 
word144 WORD; 
word145 WORD; 
word146 WORD; 
word147 WORD; 
word148 WORD; 
word14 9 WORD; 
word150 WORD; 
word151 WORD; 
word152 WORD; 
word153 WORD; 
word154 WORD; 
word155 WORD; 
word156 WORD; 
word157 WORD; 
word158 WORD; 
word159 WORD; 

• word160 WORD; 
END STRUCT; 

DIOSTATE: STRUCT 
word1 WORD; 
word2 WORD; 
word3 WORD; 
word4 WORD; 
wordS WORD; 
word6 WORD; 
word7 WORD; 
wordS WORD; 
word9 WORD; 
word10 WORD; 
word11 WORD; 
word12 WORD; 
word13 WORD; 
word14 WORD; 
word15 WORD; 
word16 WORD; 
word17 WORD; 
word18 WORD; 
word19 WORD; 
word20 WORD; 
word21 WORD; 
word22 WORD; 

• word23 WORD; 
word24 WORD; 
word25 WORD; 
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table cont1nued ... 

Datatypes from Library SYSTEM 

word26 WORD; 
word27 WORD; 
word28 WORD; 
word29 WORD; 
word30 WORD; 
word31 WORD; 
word32 WORD; 
word33 WORD; 
word34 WORD; 
word35 WORD; 
word36 WORD; 
word37 WORD; 
word38 WORD; 
word39 WORD; 
word40 WORD; 
word41 WORD; 
word42 WORD; 
word43 WORD; 
word44 WORD; 
word45 WORD; 
word46 WORD; 
word47 WORD; 
word48 WORD; 
word4 9 WORD; 
wordSO WORD; 
word 51 WORD; 
word52 WORD; 
word53 WORD; 
word54 WORD; 
wordSS WORD; 
word56 WORD; 
word57 WORD; 
wordSB WORD; 
word59 WORD; 
word60 WORD; 
word61 WORD; 
word62 WORD; 
word63 WORD; 
word64 WORD; 
word65 WORD; 
word66 WORD; 
word67 WORD; 
word68 WORD; 
word69 WORD; 
word70 WORD; 
word71 WORD; 
word72 WORD; 
word73 WORD; 
word74 WORD; 
word75 WORD; 
word76 WORD; 
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• table continued ... 

Datatypes from Library SYSTEM 

word77 WORD; 
word78 WORD; 
word79 WORD; 
word SO WORD; 
word81 WORD; 
word82 WORD; 
word83 WORD; 
wordS 4 WORD; 
wordBS WORD; 
word86 WORD; 
word87 WORD; 
word88 WORD; 
word89 WORD; 
word90 WORD; 
word91 WORD; 
word92 WORD; 
word93 WORD; 
word94 WORD; 
word95 WORD; 
word96 WORD; 
word97 WORD; 
word98 WORD; • word99 WORD; 
word100 WORD; 
word101 WORD; 
word102 WORD; 
word103 WORD; 
word104 WORD; 
word105 WORD; 
word106 WORD; 
END STRUCT; 

END TYPE 

• 
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Schneider Autornat1on Project 
Concept OMEGA 

Project Datatypes 

(* testprj.dty 
I* 

Derived datatypes definition file *) 
for the Testprj *) 

TYPE 

OSCILLATION: 
STRUCT 

sine INT; 
cosine INT; 

END STRUCT; 

800L_Array5: 
ARRAY [1 .. 5] OF 8001; (*block of 5 b1ts *) 

INDICATOR: 
ARRAY [1. .8] OF 8001; (* block of 8 blts *) 

END TYPE 

Vers1on: 9/15/2009 10:47:43 
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~ Global Datatypes: does not ex1st 

~ 

~ 
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Vanable list (Name: All, Type: All, Data'l'ype: All, Sorted by: name) 

Variable name Type DType Address Init1a1 value Comment Used 

AC POWER FAIL VAR BOOL 100042 2 
AD ALARMS IVAR SECT CTRL 0 
AD ANTSC LAL VAR BOOL 000022 
AD ASTR LAHH VAR BOOL 000024 
AD BF PDAH VAR BOOL 000020 
AD BF PDAHH VAR BOOL 000021 
AD BWR FAILURE VAR BOOL 000023 
AD CONT LAHH VAR BOOL 000030 
AD DSUMP LAHH VAR BOOL 000031 
AD EFF FAHH VAR BOOL 000032 
AD EFF PUMP FAIL VAR BOOL 000029 - - -
AD EW FAILURE VAR BOOL 000017 
AD EW PAH VAR BOOL 000018 
AD POWER VAR BOOL 000028 
AD VGAC MAH VAR BOOL 000026 
AD VGAC PDAH VAR BOOL 000025 

VGAC TAH VAR BOOL 00002'7 
AIRSTRIPPER HH ALARM VAR BOOL 100023 
AIRSTRIPPER HH LEVEL ALARM HMI VAR BOOL 000506 
AIRSTRIPPER HIGH RH ALARM VAR BOOL 000624 4 
AIRSTRIPPER HIGH TEMP ALARM VAR BOOL 000623 4 - - -
AIRSTRIPPER RH VAR REAL 400104 2 
AIRSTRIPPER RH TIMER ACC VAR TIME 400210 - - -
AIRSTRIPPER RH TIMER DN VAR BOOL 000622 - - -
AIRSTRIPPER TEMP VAR REAL 400102 
AIRSTRIPPER TEMP TIMER ACC VAR TIME 400208 - - -
AIRSTRIPPER TEMP TIMER DN VAR BOOL 000621 - - -
AIRSTR DIS RELATIVE FLOW PARA VAR Para SCALING 400517 - - - -
in max COMP REAL 32000.0 
out max COMP REAL 1000.0 

AIRSTR DIS RELATIVE FLOri RAW VAR WORD 300024 1 - - - -
AIR STRIPPER IVAR SECT CTRL 0 
AIR STRIP AUTO HMI VAR BOOL 000613 - - -
ALARM RESET PB VAR BOOL 000201 27 
ALARM TEST VAR BOOL 000697 0 
ANALOG IVAR SECT CTRL 
ANTISCALANT MAN START VAR BOOL 000700 
ANTI SCALENT PUMP DISCHARGE FLOW VAR REAL 400142 - - - -
ANTI SCALENT PUMP START VAR BOOL 000006 1 - - -
ANTI SCALENT PUMP START HMI VAR BOOL 000601 2 - - - -
ANTI SCALENT TANK LL ALARM VAR BOOL 100025 2 - -
AS DISCHARGE BLOWER RH RAW VAR WORD 300004 - -
AS DISCHARGE BLOWER TEMP PARA VAR Para SCALING 4 00346 - - - -
in max COMP REAL 32000.0 
out min COMP REAL -4.0 
out max COMP REAL 167.0 

AS DISCHARGE BLOWER TEMP RAW VAR WORD 300003 - - - -
AS HIGH RH ALARM SP VAR REAL 401028 - -
AS HIGH TEMP ALARM SP VAR REAL 401030 - - - -
AS PUMP DISCHARGE FLOW PARA VAR Para SCALING 400508 - - - -
in max COMP REAL 32000.0 
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~ table continued ... 

Variable list (Name: All, Type: All, DataType: All, Sorted by: name) 

Vanable name Type DType Address Initial value Comment Used 

out max COMP REAL 100.0 
AS PUMP DISCHARGE FLOW RAW VAR WORD 300023 1 - - - -
AS TANK CONTAINMENT HH VAR BOOL 100024 1 - - -
BAGFILTER1 DIFF PRESS VAR REAL 400138 3 
BAGFILTER1 DIFF PRESS RAW VAR WORD 300021 1 - - -
BAGFILTER1 PARA VAR Para SCALING 400328 1 
in max COMP REAL 32000.0 
out max COMP REAL 30.0 

BAGFILTER2 DIFF PRESS VAR REAL 400140 3 -
BAGFILTER2 DIFF PRESS RAW VAR WORD 300022 1 - - -
BAGFILTER2 PARA VAR Para SCALING 400337 1 

in max COMP REAL 32000.0 
out max COMP REAL 30.0 

BAGFILTER SCALENT VGAC IVAR SECT CTRL 0 - -
BFl PDAHH 2 0 6 VAR BOOL 000688 4 
BFl PDAHH SP VAR REAL 400922 15.0 1 
BFl PDAHH TACC VAR TIME 400926 1 
BFl PDAHH TON VAR BOOL 000655 2 
BFl PDAH SP VAR REAL 400930 8.0 1 
BFl TIMER ACC VAR TIME 400204 1 
BFl TIMER ON VAR BOOL 000610 2 

~ BF2 PDAHH 208 VAR BOOL 000689 4 
BF2 PDAHH SP VAR REAL 400924 15.0 1 
BF2 PDAHH TACC VAR TIME 400928 1 
BF2 PDAHH TON VAR BOOL 000656 2 
BF2 PDAH SP VAR REAL 400932 8.0 1 
BF2 TIMER ACC VAR TIME 400206 1 
BF2 TIMER ON VAR BOOL 000611 2 
BLOWER CTR VAR BOOL 000007 2 
BLOWER DISCHARGE FLOW VAR REAL 400144 1 - -
BLOWER FAILED VAR BOOL 100019 1 
BLOWER FAILURE VAR BOOL 4 
BLOWER FTS TACC SEC VAR DINT 401010 1 - - -
BLOWER FTS TON VAR BOOL 000699 2 
BLOWER FTS TPRE SEC VAR DINT 401012 1 - - -
BLOWER IN AUTO VAR BOOL 000615 2 - -
BLOWER IN MANUAL VAR BOOL 000614 2 - -
BLOWER MANUAL HMI VAR BOOL 000612 2 - -
BLOWER MANUAL START PB VAR BOOL 000616 1 - - -
BLOWER ON VAR BOOL 100020 1 
BLOWER PAL VAR BOOL 100022 1 
BLOWER READY VAR BOOL 000680 3 
BLOWER REMOTE VAR BOOL 100021 2 
BLOWER RH PARA VAR Para SCALING 400355 1 - -
in max COMP REAL 32000.0 
out max COMP REAL 100.0 

BLOWER SO TACC SEC VAR DINT 400974 1 - -

~ 
BLOWER SO TPRE SEC VAR DINT 400972 120000 1 - -
BLOWER SHUTDOWN VAR BOOL 000681 2 
BLOWER START AUTO VAR BOOL 000625 2 
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table continued 00 0 

Variable list (Name: All, Type: All, Data'l'ype: All, Sorted by: name) 

Variable name Type DType Address Initial value Comment Used 

BLOWER START MANUAL VAR BOOL 000618 2 
BLOWER START TIMER ACC VAR TIME 4 00212 1 - - -
BLOWER START TIMER DN VAR BOOL 000626 2 - - -
BLOWER STOP HMI VAR BOOL 000617 0 
CONTAINMENT LAH VAR BOOL 000703 2 
CONTAINMENT LAH DI VAR BOOL 100043 4 
DAILY FLOW TOTAL STORAGE 01 IVAR SECT CTRL 0 - - - -
DAILY FLOW TOTAL STORAGE 02 IVAR SECT CTRL 0 

- - - -
DAILY FLOW TOTAL STORAGE 03 IVAR SECT CTRL 0 

- - - -
DISCHARGE WETWELL AND PUMP IVAR SECT CTRL 0 - - -
DRAIN PUMP ENABLE VAR BOOL 000009 1 
DRAIN SUMP LAHH 235 VAR BOOL 100037 1 - - -
EFF _DAILY _FQ VAR DintArrl25 401500 249 
EFF_DAILY_FQ_LEQ_TH VAR REAL 400936 1 
EFF_DAILY_FQ_RET VAR REAL 400944 2 
EFF DAILY TOT INFO VAR Info TOTALIZ> 400564 3 - - -
EFF DAILY TOT MODE VAR Mode TOTALIZ> 400559 1 - - -
EFF DAILY TOT PARA VAR Para TOTALIZ> 400553 1 - - -
thld COMP REAL 5660000 
cutoff COMP REAL Oo2 

EFF DAILY TOT STAT VAR WORD 4 00 94 2 1 - - -
EFF DAILY TOT TRI VAR REAL 400940 - - -
EFF DAILY TOT TRS VAR BOOL 000659 - - -
EFF FIT FAIL VAR BOOL 000702 1 
EFF FIT FAIL DI VAR BOOL 100045 1 - - -
EFF_FQAH VAR BOOL 000660 5 
EFF_FQH_RESTART VAR BOOL 000694 2 
EFF_FQ_LEQ_TH VAR REAL 4 00 98 8 1 
EFF_FQ_RET VAR REAL 400991 0 
EFF PUMP AUTO HMI VAR BOOL 000628 2 - - -
EFF PUMP CTR VAR BOOL 000008 2 
EFF PUMP FAIL VAR BOOL 000692 4 
EFF PUMP FAIL DI VAR BOOL 100046 1 - - -
EFF PUMP FTS TACC SEC VAR DINT 4 0102 6 1 

- - - -
EFF PUMP FTS TDN VAR BOOL 000701 2 - - -
EFF PUMP FTS TPRE SEC VAR DINT 401024 1 - - - -
EFF PUMP IN AUTO VAR BOOL 000630 3 - -
EFF PUMP IN MANUAL VAR BOOL 000 62 9 2 

- -
EFF PUMP IN REMOTE VAR BOOL 100048 2 - -
EFF PUMP MANUAL HMI VAR BOOL 000627 0 - - -
EFF PUMP ON VAR BOOL 100047 1 
EFF PUMP READY VAR BOOL 000693. 2 
EFF PUMP START HMI VAR BOOL 000631 1 - - -
EFF PUMP START INTERNAL MA VAR BOOL 000633 2 - - - -
EFF PUMP START INTERN AUTO VAR BOOL 000644 3 - - - -
EFF PUMP START LEVEL SP VAR REAL 400903 200 1 - - - -
EFF PUMP STOP HMI VAR BOOL 000632 0 - - -
EFF PUMP STOP LEVEL SP VAR REAL 4 00905 1.0 1 - - - -

~· 
EFF PUMP TIMER ACC VAR TIME 400218 - - -
EFF PUMP TIMER DN VAR BOOL 000639 - - -
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table continued ... 

Variable list (Name: All, Type: All, DataType: All, Sorted by: name) 

Vanable name 

EFF SUMP HL ALARM 
EFF SUMP HL ALARM SP - - - -
EFF SUMP LEVEL 
EFF SUMP LEVEL PARA - - -
in max 
out max 

EFF SUMP LEVEL RAW - - -
EFF SUMP LIT FAIL - - -
EFF SUMP LIT FAIL DI - - - -
EFF TOT INFO 
EFF TOT MODE 
EFF TOT PARA 
th1d 
cutoff 

EFF TOT STAT 
EFF TOT TRI 
EFF TOT TRS 
EW1 FLOW TIMER ACC - - -
EW1 FLOW TIMER DN - - -
EW1 _FQ 
EWl FTS 
EWl FTS TACC SEC - - -
EWl FTS TDN 
EW1 FTS TPRE SEC - - -
EW1 GAL PER SECOND - - -
EW1 LL FLOAT 
EW1 ON 
EW1 PAH 114 
EW1 PAH SP 
EW1 PUMPSPEED PARA - -
in max 
out max 

EW1 PUMPSPEED RAW - -
EW1 PUMP DISCHARGE FLOW - - -
EW1 PUMP DISCHARGE FLOW PARA - - - -

1n max 
out max 

EW1 PUMP DISCHARGE FLOW RAW - - - -
EW1 PUMP DISCHARGE PRESSURE - - -

Type DType Address Init1al value Comment 

VAR BOOL 000641 
VAR REAL 400901 3.0 
VAR REAL 400108 
VAR Para SCALING 400373 
COMP REAL 32000.0 
COMP REAL 3.875 
VAR WORD 300006 
VAR BOOL 000691 
VAR 
VAR 
VAR 

BOOL 100044 
Info TOTALIZ> 400984 
Mode TOTALIZ> 400976 

VAR Para TOTALIZ> 400977 
COMP REAL 1.000000E+09 
COMP REAL 
VAR WORD 
VAR REAL 
VAR BOOL 
VAR TIME 
VAR BOOL 
VAR 
VAR 
VAR 
VAR 
VAR 
VAR 

REAL 
BOOL 
DINT 
BOOL 
DINT 
REAL 

VAR BOOL 
VAR BOOL 
VAR BOOL 
VAR REAL 
VAR Para SCALING 
COMP REAL 
COMP REAL 
VAR 
VAR 

WORD 
REAL 

0.2 
400990 
400982 
000695 
400224 
000648 
400162 
000653 
400918 
000654 
400916 360 
400152 

100015 
000682 
401014 15.0 
400300 

300009 
4 00118 

32000.0 
100.0 

VAR Para SCALING 400418 
COMP REAL 32000.0 
COMP REAL 
VAR 
VAR 

WORD 
REAL 

30.0 

EW1 PUMP DISCHARGE PRESSURE PARA VAR Para SCALING 
REAL 

300011 
400116 
400409 - - - -

in max COMP 
out max 

EW1 PUMP DISCHARGE PRESSURE RAW - - - -
EW1 PUMP ENABLED 
EW1 PUMP FAILED STATUS 

- - -
EW1 PUMP IN AUTO 
EW1 PUMP SPEED COMMAND - - -
EW1 PUMP SPEED COMMAND HMI - - - -
EW1 PUMP SPEED COMMAND PARA - - - -
in max 
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COMP REAL 
VAR 
VAR 
VAR 
VAR 
VAR 
VAR 
VAR 
COMP 

WORD 
BOOL 
BOOL 
BOOL 
INT 
REAL 
Para SCALING 
REAL 

300010 
000001 
100014 
100016 
4 00004 
4 DO 910 
400526 

32000.0 
75.0 

100.0 

29.09.09 

Used 

2 

3 
1 

2 

1 

1 

1 
1 

3 
1 

3 
3 
4 

1 

2 

1 

2 

0 
5 
4 
1 

0 

1 
2 
1 

1 
2 
2 

2 

1 
1 

1 
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Variable list (Name: All, Type: All, DataType: All, Sorted by: name) 

Vanable name Type DType Address Initial value Comment Used 

out max COMP REAL 32000.0 
EW1 PUMP SPEED FB VAR REAL 400114 1 

- - -
EWl PUMP SPEED FB PARA VAR Para SCALING 400400 1 - -

in max COMP REAL 32000.0 
out max COMP REAL 100.0 

EW1 READY VAR BOOL 000672 3 
EW1 START TIMER DN VAR BOOL 000606 0 - - -
EW1 WELL VAULT HIGHLEVEL ALARM VAR BOOL 100013 2 

- - - -
EW2 FLOW TIMER ACC VAR TIME 400226 1 - - -
EW2 FLOW TIMER DN VAR BOOL 00064 9 3 - - -
EW2_FQ VAR REAL 400164 3 
EW2 FTS VAR BOOL 000658 4 

EW2 FTS TACC SEC VAR DINT 400934 1 
- - -

EW2 FTS TDN VAR BOOL 000657 2 
EW2 FTS TPRE SEC VAR DINT 400920 1 

- - -
EW2 GAL PER SECOND VAR REAL 400154 2 - - -
EW2 ON VAR BOOL 100011 5 
EW2 PAH 124 VAR BOOL 000683 4 
EW2 PAH SP VAR REAL 401016 15.0 1 
EW2 PUMPSPEED FEEDBACK PARA VAR Para SCALING 400472 1 - -
in max COMP REAL 32000.0 
out max COMP REAL 100.0 

EW2 PUMPSPEED FEEDBACK RAW VAR WORD 300017 - - -
EW2 PUMPSPEED PARA VAR Para SCALING 400309 0 - -

1n max COMP REAL 100.0 
out min COMP REAL 7000.0 
out max COMP REAL 32000.0 

EW2 PUMP DISCHARGE FLOW VAR REAL 4 00122 3 
- - -

EW2 PUMP DISCHARGE FLOW PARA VAR Para SCALING 4 00436 1 
~ - - -

in max COMP REAL 32000.0 
out max COMP REAL 30.0 

EW2 PUMP DISCHARGE FLOW RAW VAR WORD 300013 1 - - - -
EW2 PUMP DISCHARGE PRESSURE VAR REAL 400120 2 - - -
EW2 PUMP DISCHARGE PRESSURE PARA VAR Para SCALING 400427 1 - - - -

1n max COMP REAL 32000.0 
out max COMP REAL 75.0 

EW2 PUMP DISCHARGE PRESS RAW VAR WORD 300012 1 - - - -
EW2 PUMP ENABLED VAR BOOL 000002 2 
EW2 PUMP FAILED STATUS VAR BOOL 100010 2 - - -
EW2 PUMP IN AUTO VAR BOOL 100012 2 - - -
EW2 PUMP SPEED COMMAND VAR INT 400003 1 - - -
EW2 PUMP SPEED COMMAND HMI VAR REAL 400912 1 - _,. - -
EW2 PUMP SPEED COMMAND PARA VAR Para SCALING 400535 1 - - - -
in max COMP REAL 100.0 
out max COMP REA:.. 32000.0 

EW2 PUMP SPEED FB VAR REAL 400130 1 - - -
EW2 READY VAR BOOL 000673 3 
EW2 START TIMER DN VAR BOOL 000607 0 - - -

~· 
EW2 WELL VAULT HIGHLEVEL ALARM VAR BOOL 100009 

- - - -
EW3 FLOW TIMER ACC VAR TIME 400228 - - -
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• table continued ... 

Variable list (Name: All, Type: All, DataType: All, Sorted by: name) 

Vanable name Type DType Address Initial value Comment Used 

EW3 FLOW TIMER DN VAR BOOL 000650 3 - - -
EW3_FQ VAR REAL 400166 3 
EW3 FTS VAR BOOL 000664 4 
EW3 FTS TACC SEC VAR DINT 400954 1 - - -
EW3 FTS TDN VAR BOOL 000663 2 
EW3 FTS TPRE SEC VAR DINT 400956 1 - - -
EW3 GAL PER SECOND VAR REAL 400156 2 - - -
EW3 ON VAR BOOL 100007 5 
EW3 PAH 134 VAR BOOL 000684 4 
EW3 PAH SP VAR REAL 401018 15.0 1 
EW3 PUMPSPEED FB VAR REAL 400100 1 

- -
EW3 PUMPSPEED FB PARA VAR Para SCALING 400319 1 

- -
in max COMP REAL 32000.0 
out max COMP REAL 100.0 

EW3 PUMPSPEED RAW VAR WORD 300001 1 - -
EW3 PUMP DISCHARGE FLOW VAR REAL 400126 3 - - -
EW3 PUMP DISCHARGE FLOW PARA VAR Para SCALING 400454 1 - - - -
in max COMP REAL 32000.0 
out max COMP REAL 30.0 

EW3 PUMP DISCHARGE FLOW RAW VAR WORD 300015 1 - - - -
EW3 PUMP DISCHARGE PRESSURE VAR REAL 400124 2 - - -• EW3 PUMP DISCHARGE PRESSURE PARA VAR Para SCALING 400445 1 - - - -
in max COMP REAL 32000.0 
out max COMP REAL 75.0 

EW3 PUMP DISCHARGE PRESS RAW VAR WORD 300014 1 
- - - -

EW3 PUMP ENABLED VAR BOOL 000003 2 
EW3 PUMP FAILED STATUS VAR BOOL 100006 2 

- - -
EW3 PUMP IN AUTO VAR BOOL 100008 2 - -
EW3 PUMP SPEED COMMAND VAR INT 400002 1 

- - -
EW3 PUMP SPEED COMMAND HMI VAR REAL 400914 1 - - - -
EW3 PUMP SPEED COMMAND PARA VAR Para SCALING 400544 1 - - - -

in max COMP REAL 100.0 
out max COMP REAL 32000.0 

EW3 READY VAR BOOL 000674 3 
EW3 WELL VAULT HIGHLEVEL ALARM VAR BOOL 100005 2 - - - -
EW4 FLOW TIMER ACC VAR TIME 400230 1 - - -
EW4 FLOW TIMER DN VAR BOOL 000651 3 

- - -
EW4 _FQ VAR REAL 4 00168 3 
EW4 FTS VAR BOOL 000665 4 
EW4 FTS TACC SEC VAR DINT 400960 1 - - -
EW4 FTS TDN VAR BOOL 000666 2 
EW4 FTS TPRE SEC VAR DINT 400958 1 

- - -
EW4 GAL PER SECOND VAR REAL 400158 2 - - -
EW4 ON VAR BOOL 100003 5 
EW4 PAH 144 VAR BOOL 000685 4 
EW4 PAH SP VAR REAL 401020 1 
EW4 PUMP DISCHARGE FLOW VAR REAL 400132 3 - - -

• EW4 PUMP DISCHARGE FLOW PARA VAR Para SCALING 400481 1 - - - -
in max COMP REAL 32000.0 
out max COMP REAL 30.0 
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EW4 PUMP DISCHARGE FLOW RAW WORD 300018 l - - - -
EW4 PUMP DISCHARGE PRESSURE VAR REAL 400128 2 - - -
EW4 PUMP DISCHARGE PRESSURE PARA VAR Para SCALING 4 00463 - - - -
in max COMP REAL 32000.0 
out max COMP REAL 75.0 

EW4 PUMP DISCHARGE PRESS RAW VAR WORD 300016 - - - -
EW4 PUMP ENABLED VAR BOOL 000004 
EW4 PUMP FAILED STATUS VAR BOOL 100002 2 - - -
EW4 PUMP IN AUTO VAR BOOL 100004 2 
EW4 READY VAR BOOL 000675 
EW4 WELL VAULT HIGHLEVEL ALARM VAR BOOL 100001 - - - -
EWS FLOW TIMER ACC VAR TIME 4 002 32 - - -
EW5 FLOW TIMER DN VAR BOOL 000652 3 - - -
EW5_FQ VAR REAL 400170 3 
EW5 VAR BOOL 000668 
EWS FTS TACC SEC VAR DINT 400964 - - -
EWS FTS TDN VAR BOOL 000667 2 
EWS FTS TPRE SEC VAR DINT 400962 1 - - -
EWS GAL PER SECOND VAR REAL 400160 2 - - -
EWS ON VAR BOOL 100031 5 

EWS PAH 154 VAR BOOL 000686 
EWS PAH SP VAR REAL 401022 
EWS PUMP DISCHARGE FLOW VAR REAL 4 00136 - - -
EW5 PUMP DISCHARGE FLOW PARA VAR Para SCALING 400499 - - - -
in max COMP REAL 32000.0 
out max COMP REAL 30.0 

EWS PUMP DISCHARGE FLOW RAW VAR WORD 300020 1 - - - -
EWS PUMP DISCHARGE PRESSURE VAR REAL 400134 2 - - -
EWS PUMP DISCHARGE PRESS PARA VAR Para SCALING 400490 - - - -
in max COMP REAL 32000.0 
out max COMP REAL 75.0 

EWS PUMP DISCHARGE PRESS RAW VAR WORD 300019 - - ~ -
EW5 PUMP ENABLED VAR BOOL 000005 
EW5 PUMP FAILED STATUS VAR BOOL 100030 - - -
EWS PUMP IN AUTO VAR BOOL 100032 2 - - -
EW5 READY VAR BOOL 000676 3 
EW5 WELL VAULT HIGHLEVEL ALARM VAR BOOL 100029 2 - - - -
EW NOT RUNNING VAR BOOL 000677 
EW OFF SD TACC SEC VAR DINT 400968 0 

- -
EW OFF SD TPRE SEC VAR DINT 400970 600000 0 - -
EW READY VAR BOOL 000687 2 
EXCESSIVE FLOW ALARM VAR BOOL 000505 5 
EXCESSIVE FLOW TIMER ACC VAR TIME 400222 1 - - -
EXCESSIVE FLOW TIMER DN VAR BOOL 000646 2 - - -
EXTRACTION WELLS IVAR SECT CTRL 0 
GAL_PER_QTR_SECOND VAR REAL 400148 0 
GAL PER SECOND VAR REAL 4 0014 6 0 
GTP SHUTDOWN VAR BOOL 000671 
GTP SHUTDOWN PB VAR BOOL 000679 - -
GTP START PB VAR BOOL 000678 
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HMI BF1 DIFF PRESS ALARM VAR BOOL 000501 3 - - - -
HMI BF2 DIFF PRESS ALARM VAR BOOL 000502 3 - - - -
INF FLOW SUM VAR REAL 401008 2 
INF _FQ VAR REAL 400172 1 
INF_FQ_LEQ_TH VAR REAL 400993 1 
INF TOT INFO VAR Info TOTALIZ> 400995 2 
INF TOT MODE VAR Mode TOTALIZ> 401000 1 
INF TOT PARA VAR Para TOTALIZ> 401001 1 
thld COMP REAL 1.000000E+07 

INF TOT STAT VAR WORD 4 00 99 9 1 
INF TOT TRI VAR REAL 401006 1 
INF TOT TRS VAR BOOL 000696 3 
NEW DAY HOLDER VAR BOOL 000670 2 
NEW DAY PULSE VAR BOOL 000661 130 
NEW DAY PULSE HMI VAR BOOL 000669 4 - - -
ONE DAY TACC VAR TIME 400966 1 
PLC DOM VAR BYTE 400949 0 
PLC DOW VAR BYTE 400947 0 
PLC HOUR VAR BYTE 400946 0 
PLC MINUTE VAR BYTE 400951 0 
PLC MONTH VAR BYTE 400948 0 • PLC SECOND VAR BYTE 400952 0 
PLC TOD CNF VAR BOOL 000662 0 
PLC YEAR VAR BYTE 400950 0 
SHUTDOWN IVAR SECT CTRL 0 
SYS OH IVAR SECT CTRL 0 
TEST VAR REAL 400938 0 
TestBool VAR BOOL 000690 0 
TEST PULSE1 VAR BOOL 000698 0 
TOTALIZER PERMISSIVE VAR BOOL 000647 0 
TOTALIZER TIMER ACC VAR TIME 400220 0 
TREATMENT DISCHARGE FLOW VAR REAL 400106 4 - -
TREATMENT DISCHARGE FLOW PARA VAR Para SCALING 400364 1 - - -
in max COMP REAL 32000.0 
out max COMP REAL 100.0 

TREATMENT DISCHARGE FLOW RAW VAR WORD 300005 2 - - -
TREATMENT DISCHARGE TIMER DN VAR BOOL 000645 0 - - -
TREATMENT DISCHARGE TOTAL VAR REAL 400150 1 - -
UPS FAIL VAR BOOL 100041 1 
VGAC DIFFERENTIAL PRESSURE VAR REAL 400110 2 - -
VGAC DIFFERENTIAL PRESSURE PARA VAR Para SCALING 400382 l - - -

in max COMP REAL 32000.0 
out max COMP REAL 100.0 

VGAC DIFFERENTIAL PRESSURE RAW VAR WORD 300007 1 - - -
VGAC DIFFERENTIAL TIMER ACC VAR TIME 4 00214 1 - - -
VGAC DIFFERENTIAL TIMER DN VAR BOOL 000637 2 - - -
VGAC DISCHARGE TEMPERATURE VAR REAL 400112 2 - -

• VGAC DISCHARGE TEMPERATURE PARA VAR Para SCALING 400391 1 - - -
in max COMP REAL 32000.0 
out max COMP REAL 200.0 
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VGAC DISCHARGE TEMPERATURE RAW VAR WORD 300008 1 - - -
VGAC DISCHARGE TEMP TIMER ACC VAR TIME 400216 1 - - - -
VGAC DISCHARGE TEMP TIMER DN VAR BOOL 000638 2 - - - -
VGAC HIGH DIFF PRESS ALARM VAR BOOL 000503 4 - - - -
VGAC HIGH DISC TEMP ALARM VAR BOOL 000504 4 - - - -
VGAC PDAH SP VAR REAL 4 01032 1 
VGAC TAH SP VAR REAL 401034 1 

• 

• 
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Variable name Used in section Type Instance/Network at Pin R/W 

AC POWER FAIL LD:SHUTDOWN NC CONTACT .8.139 3, 12 IN R 
LD:AD ALARMS NC CONTACT .6.109 11,48 IN R 

AD ANTSC LAL LD:AD ALARMS COIL FBI 6 55 123,35 Q w --
AD ASTR LAHH LD:AD ALARMS COIL FBI 6 63 123,40 Q w --
AD BF PDAH LD:AD ALARMS COIL FBI 6 41 123,29 Q w 

- - --
AD BF PDAHH LD:AD ALARMS COIL FBI 6 50 123,32 Q w 

- - - -
AD BWR FAILURE LD:AD ALARMS COIL FBI 6 59 123,37 Q w --
AD CONT LAHH LD:AD ALARMS COIL FBI 6 78 12 3, 52 Q w 
AD DSUMP LAHH LD:AD ALARMS COIL FBI 6 81 123,54 Q w 

--
AD EFF FAHH LD:AD ALARMS COIL FBI 6 82 123,56 Q w --
AD EFF PUMP FAIL LD:AD ALARMS COIL FBI 6 77 123,50 Q w - - - --
AD EW FAILURE LD:AD ALARMS COIL FBI 6 5 123,6 Q w 

- -
AD EW PAH LD:AD ALARMS COIL FBI 6 29 123,23 Q w - - --
AD POWER FAIL LD:AD ALARMS COIL FBI 6 7 4 123,48 Q w --
AD VGAC MAH LD: AD ALARMS COIL FBI 6 70 123,44 Q w 
AD VGAC PDAH LD:AD ALARMS COIL FBI 6 69 123,42 Q w --
AD VGAC TAH LD:AD ALARMS COIL FBI 6 72 123,46 Q w 
AIRSTRIPPER HH LEVEL ALARM LD:AIR STRIPPER NO CONTACT .4.132 3,34 IN R - -
AIRSTRIPPER HH LEVEL ALARM HMI LD:SHUTDOWN NO CONTACT .8.35 3,6 IN R - -

LD:AIR STRIPPER NO CONTACT . 4 .150 3,35 IN R 
LD:AIR STRIPPER COIL FBI 4 154 83,34 Q w 
LD:AD ALARMS NO CONTACT . 6. 64 11, 4 0 IN R 

0 AIRSTRIPPER HIGH RH ALARM LD:SHUTDOWN NO CONTACT .8.120 3,11 IN R - -
LD:AIR STRIPPER NO CONTACT .4.145 3, 32 IN R 
LD:AIR STRIPPER COIL FBI 4 149 83, 31 Q w --
LD:AD ALARMS NO CONTACT .6.71 11,4 4 IN R 

AIRSTRIPPER HIGH TEMP ALARM LD:SHUTDOWN NO CONTACT .8.138 3,14 IN R 
- - -

LD:AIR STRIPPER COIL FBI 4 141 83,28 Q w 
LD:AIR STRIPPER NO CONTACT .4.142 3,29 IN R 
LD: AD ALARMS NO CONTACT .6.62 11,38 IN R 

AIRSTRIPPER RH LD:AIR STRIPPER COMP DB FBI 4 20 58, 14 INl R 
LD:ANALOG SCALING FBI 1 55 61,22 OUT w --

AIRSTRIPPER RH TIMER ACC LD:AIR STRIPPER TON FBI 4 33 74,27 ET w - - --
AIRSTRIPPER RH TIMER DN LD:AIR STRIPPER TON FBI 4 33 7 4, 2 6 Q w 

- -
LD:AIR STRIPPER NO CONTACT . 4. 94 3, 31 IN R 

AIRSTRIPPER TEMP LD:AIR STRIPPER COMP DB FBI 4 19 10, 14 INl R --
LD:ANALOG SCALING FBI 1 58 61, 16 OUT w --

AIRSTRIPPER TEMP TIMER ACC LD:AIR STRIPPER TON FBI 4 31 74,22 ET w 
- - -

AIRSTRIPPER TEMP TIMER DN LD:AIR STRIPPER TON FBI 4 31 74,21 Q w 
- - -

LD:AIR STRIPPER NO CONTACT .4.93 3,28 IN R 
AIRSTR DIS RELATIVE FLOW PARA LD:ANALOG SCALING FBI 1 100 42,144 PARA R - - - - --
AIRSTR DIS RELATIVE FLOW RAW LD:ANALOG W INT REAL FBI 1 99 18,143 IN R - - - - --
ALARM RESET PB LD: SYS OH NO CONTACT .7.24 3,26 IN R 

LD:SYS OH RESET COIL FBI 7 27 99,25 Q w 
LD:SHUTDOWN NC CONTACT . 8.14 19, 51 IN R 
LD:SHUTDOWN NC CONTACT .8.31 19, 63 IN R 
LD:SHUTDOWN NC CONTACT .8.100 2 7, 90 IN R 
LD:SHUTDOWN NC CONTACT .8.101 27, 86 IN R 

0 
LD:SHUTDOWN NC CONTACT .8.163 19,110 IN R 
LD:SHUTDOWN NC CONTACT . 8 .167 19,119 IN R 
LD:DISCHARGE WETWELL AND > NC CONTACT .5.334 27,25 IN R - - -
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table cont1nued ... 

Variable usage (Name: All, Type: All, DataType: All, Sorted by: name) 

Vanab1e name 

ANTISCALANT MAN START 

Used in section 

PUMP 
LD:AIR STRIPPER 
LD:AIR STRIPPER 
LD:AIR STRIPPER 
LD:AIR STRIPPER 
LD:BAGFILTER SCALENT VGAC - -
LD:BAGFILTER SCALENT VGAC - -
LD:BAGFILTER SCALENT VGAC - -
LD:BAGFILTER SCALENT VGAC - -
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 

Type 

NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 
NC CONTACT 

LD:EXTRACTION WELLS NC CONTACT 
LD:EXTRACTION WELLS NC CONTACT 
LD:EXTRACTION WELLS NC CONTACT 
LD:EXTRACTION WELLS NC CONTACT 
LD:BAGFILTER SCALENT VGAC NO CONTACT - -

ANTI SCALENT PUMP DISCHARGE FLOW LD:ANALOG SCALING 
COIL 

- - - -
ANTI SCALENT PUMP START - - -
ANTI SCALENT PUMP START HMI - - - -

ANTI SCALENT TANK LL ALARM - - - -

AS DISCHARGE BLOWER RH RAW - - - -
AS DISCHARGE BLOWER TEMP PARA - - - -
AS DISCHARGE BLOWER TEMP RAW - - - -
AS HIGH RH ALARM SP 

- - - -
AS HIGH TEMP ALARM SP - - - -
AS PUMP DISCHARGE FLOW PARA - - - -
AS PUMP DISCHARGE FLOW RAW - - - -
AS TANK CONTAINMENT HH - - -
BAGFILTER1 DIFF PRESS 

BAGFILTER1 DIFF PRESS RAW - - -
BAGFILTER1 PARA 
BAGFILTER2 DIFF PRESS 

BAGFILTER2 DIFF PRESS RAW - - -
BAGFIL TER2 PARA 
BFl PDAHH 2 0 6 

BFl PDAHH SP 
BFl PDAHH TACC 
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LD:BAGFILTER SCALENT VGAC - -
LD:BAGFILTER SCALENT VGAC NC CONTACT 

- -
LD:BAGFILTER SCALENT VGAC NO CONTACT - -
LD:BAGFILTER SCALENT VGAC NC CONTACT - -
LD:AD ALARMS NO CONTACT 
LD:ANALOG W INT REAL 
LD:ANALOG SCALING 
LD:ANALOG W INT REAL 
LD:AIR STRIPPER COMP DB 
LD:AIR STRIPPER COMP DB 
LD:ANALOG SCALING 
LD:ANALOG W INT REAL 
LD:BAGFILTER SCALENT VGAC NC CONTACT - -
LD:SHUTDOWN COMP DB 
LD:BAGFILTER SCALENT VGAC COMP DB 

- -
LD:ANALOG SCALING 
LD:ANALOG W INT REAL 
LD:ANALOG SCALING 
LD:SHUTDOWN COMP DB 
LD:BAGFILTER SCALENT VGAC COMP DB - -
LD:ANALOG SCALING 
LD:ANALOG 
LD:ANALOG 
LD:SHUTDOWN 
LD:SHUTDOWN 
LD:SHUTDOWN 
LD: AD ALARMS 
LD:SHUTDOWN 
LD:SHUTDOWN 

W INT REAL 
SCALING 
NO CONTACT 
COIL 
NO CONTACT 
NO CONTACT 
COMP DB 
TON 

Instance/Network 

.4.143 

.4.146 

.4.151 

.4.156 

.3.121 

.3.101 
0 3.110 
0 3.111 
.2.368 
.2.446 
.2 0 473 
0 2.4 88 
.2.515 
.2.585 
.2.588 
.2.591 
0 2 0 594 
.2.597 
.3.123 
FBI 1 97 
FBI 3 57 
.3.77 
.3.79 
0 3 0 73 
.6.57 
FBI 1 56 
FBI 1 58 
FBI 1 57 
FBI 4 20 
FBI 4 19 
FBI 1 97 
FBI 1 98 
0 3 0 7 4 

FBI 8 110 
FBI 3 2 
FBI 1 94 
FBI 1 93 
FBI 1 94 
FBI 8 111 
FBI 3 3 
FBI 1 9 6 
FBI 1 95 
FBI 1 96 

0 8 0 94 
FBI 8 97 
0 8.103 
.6.48 
FBI 8 110 
FBI 8 106 

29.09.09 

at 

27,29 
27,32 
27,35 
27,71 
35,58 
35,54 
35, 19 
35,23 
11,12 
11,39 
11,67 
11,95 
11, 121 
19,24 

Pin 

IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 

19,52 IN 
19,80 IN 
19,107 IN 
19,133 IN 
35,32 IN 
61, 138 
91,26 
11,26 

OUT 
Q 

IN 
11,32 IN 
59,26 IN 
11,35 IN 
18,22 IN 
42,17 PARA 
18,16 IN 
58,15 IN2 
10,15 IN2 
42, 139 PARA 
18,138 IN 
59,27 IN 
10,70 IN! 
10,4 IN1 
61,126 OUT 
18,126 IN 
42,127 PARA 
58,70 IN1 
58,4 IN1 
61, 132 OUT 
18,132 IN 
42,133 PARA 
3, 9 IN 
91, 85 Q 

11,86 IN 
11,32 IN 
10,71 IN2 
74,78 ET 

R/W 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

w 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

w 
R 

R 

R 

R 

w 
R 

R 

R 

w 
R 

R 

I. 
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Variable usage (Name: All, Type: All, Data'l'ype: All, Sorted by: name) 

Vanable name Used in section Type Instance/Network at Pin R/W 

BFl PDAHH TON LD:SHUTDOWN NO CONTACT .8.105 11,85 IN R 
LD:SHUTDOWN TON FBI 8 106 82,77 Q w 

--
BFl PDAH SP LD:BAGFILTER SCALENT VGAC COMP DB FBI 3 2 101 5 IN2 R - - --
BFl TIMER ACC LD:BAGFILTER SCALENT VGAC TON FBI 3 17 7 4 1 12 ET w - - --
BFl TIMER ON LD:BAGFILTER SCALENT VGAC TON FBI 3 17 82,11 Q w - -

LD:BAGFILTER SCALENT VGAC NO CONTACT .3.22 11,18 IN R - -
BF2 PDAHH 208 LD:SHUTDOWN NO CONTACT .8.95 3,10 IN R 

LD:SHUTDOWN COIL FBI 8 96 91, 8 9 Q w - -
LD:SHUTDOWN NO CONTACT .8.102 11, 90 IN R 
LD:AD ALARMS NO CONTACT . 6. 4 9 11,33 IN R 

BF2 PDAHH SP LD:SHUTDOWN COMP DB FBI 8 111 58,71 IN2 R --
BF2 PDAHH TACC LD:SHUTDOWN TON FBI 8 107 7 4 1 8 3 ET w 
BF2 PDAHH TON LD:SHUTDOWN NO CONTACT .8.104 11,89 IN R 

LD:SHUTDOWN TON FBI 8 107 82,82 Q w --
BF2 PDAH SP LD:BAGFILTER SCALENT VGAC COMP DB FBI 3 3 58, 5 IN2 R - - --
BF2 TIMER ACC LD:BAGFILTER SCALENT VGAC TON FBI 3 19 741 17 ET w - - --
BF2 TIMER ON LD:BAGFILTER SCALENT VGAC TON FBI 3 19 82, 16 Q w 

-
LD:BAGFILTER SCALENT VGAC NO CONTACT .3.23 11,22 IN R - -

BLOWER CTR LD:AIR STRIPPER COIL FBI 4 111 83, 52 Q w 
LD:AIR STRIPPER NO CONTACT . 4 .191 3,62 IN R 

BLOWER DISCHARGE FLOW LD:ANALOG SCALING FBI 1 100 61,143 OUT w 

• - -
BLOWER FAILED LD:AIR STRIPPER NC CONTACT .4.122 11,56 IN R 
BLOWER FAILURE LD:AIR STRIPPER NO CONTACT .4.155 3, 71 IN R 

LD:AIR STRIPPER COIL FBI 4 159 83,69 Q w 
LD:AIR STRIPPER NC CONTACT .4.176 19, 4 6 IN R 
LD:AD ALARMS NO CONTACT . 6. 58 11,37 IN R 

BLOWER FTS TACC SEC LD:AIR STRIPPER DIV DINT . 4 .184 99, 63 OUT w - - -
BLOWER FTS TON LD:AIR STRIPPER TON FBI 4 190 58, 63 Q w --

LD:AIR STRIPPER NO CONTACT .4.192 3,70 IN R 
BLOWER FTS TPRE SEC LD:AIR STRIPPER MUL DINT .4.188 101 66 IN1 R - - -
BLOWER IN AUTO LD:AIR STRIPPER COIL FBI 4 8 6 75,2 Q w - - --

LD:AIR STRIPPER NO CONTACT . 4 .17 5 3,46 IN R 
BLOWER IN MANUAL LD: AIR STRIPPER COIL FBI 4 83 7 5' 0 Q w - -

LD:AIR STRIPPER NO CONTACT . 4. 87 3,5 IN R 
BLOWER MANUAL HMI LD:AIR STRIPPER NO CONTACT .4.85 27,2 IN R 

- -
LD:AIR STRIPPER NC CONTACT . 4.119 27,0 IN R 

BLOWER MANUAL START PB LD:AIR STRIPPER NO CONTACT .4.89 27,5 IN R 
- - -

BLOWER ON LD:AIR STRIPPER NC CONTACT .4.189 27,62 IN R 
BLOWER PAL LD:AIR STRIPPER NO CONTACT . 4 .180 11,57 IN R 
BLOWER READY LD:SHUTDOWN NC CONTACT . 8.119 3, 8 IN R 

LD :AIR STRIPPER NO CONTACT .4.170 3,50 IN R 
LD:AIR STRIPPER COIL FBI 4 178 8 3, 4 6 Q w 

BLOWER REMOTE LD:AIR STRIPPER NO CONTACT .4.82 3, 0 IN R 
LD:AIR STRIPPER NO CONTACT . 4. 8 4 3,2 IN R 

BLOWER RH PARA LD:ANALOG SCALING FBI 1 55 42,23 PARA R 
- -

BLOWER SO TACC SEC LD:AIR STRIPPER TIME TO DINT .4.168 85,39 OUT w 
- - - -

BLOWER SO TPRE SEC LD:AIR STRIPPER DINT TO TIME .4.165 26, 43 IN R 
- - - -

• BLOWER SHUTDOWN LD:AIR STRIPPER NC CONTACT . 4.131 19, 50 IN R 
LD:AIR STRIPPER COIL FBI 4 167 59, 38 Q w --

BLOWER START AUTO LD:AIR STRIPPER COIL FBI 4 103 83, 50 Q w --
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Variable usage (Name: All, Type: All, DataType: All, Sorted by: name) 

Variable name Used 1n section Type Instance/Network at P1n 

LD:AIR STRIPPER NO CONTACT . 4.110 3,53 IN R 
BLOWER START MANUAL LD:AIR STRIPPER COIL FBI 4 88 75,5 Q 1'1 

LD:AIR STRIPPER NO CONTACT .4.109 3,52 IN R 
BLOWER START TIMER ACC LD:AIR STRIPPER TON FBI 4 55 82, 58 ET 1'1 

- -
BLOWER START TIMER DN LD:AIR STRIPPER TON FBI 4 55 82, 57 Q 1'1 - - -

LD:AIR STRIPPER NO CONTACT . 4.113 3, 69 IN R 
CONTAINMENT LAH LD:SHUTDOI'IN COIL FBI 8 165 91,118 Q 1'1 

LD:SHUTDOWN NO CONTACT .8.166 3,119 IN R 
CONTAINMENT LAH DI LD:SHUTDOWN NO CONTACT .8.24 3,3 IN R 

LD:SHUTDOWN NO CONTACT .8.164 3,116 IN R 
LD:DISCHARGE I'IETWELL AND > NC CONTACT . 5. 294 3,40 IN R - - -
PUMP 
LD:AD ALARMS NO CONTACT .6.79 11,52 IN R 

DRAIN PUMP ENABLE LD:DISCHARGE I'IETWELL AND > COIL FBI 5 295 91, 40 Q w - - -
PUMP 

DRAIN SUMP LAHH 235 LD:AD ALARMS NC CONTACT .6.94 11,54 IN R - - -
EFF_DAILY_FQ[124] FBD:DAILY FLOW TOTAL STOR> MOVE .15.1 39,7 IN R - - -

AGE 01 
EFF_DAILY_FQ[125] FBD:DAILY FLOW TOTAL STOR> MOVE .15.1 55,7 OUT w 

- - -
AGE 01 

EFF _DAILY_ FQ [ 123] FBD:DAILY FLOW TOTAL STOR> MOVE .15.4 39,22 IN R - -
AGE 01 

EFF_DAILY_FQ[124] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 4 55,22 OUT - - -
AGE 01 

EFF_DAILY_FQ[122] FBD:DAILY FLOW TOTAL STOR> MOVE .15.7 39,37 IN R - - -
AGE 01 

EFF_DAILY_FQ[123] FBD:DAILY FLOW TOTAL STOR> MOVE .15.7 55,37 OUT w - - -
AGE 01 

EFF_DAILY_FQ[121] FBD:DAILY FLOW TOTAL STOR> MOVE .15.10 39,52 IN R - - -
AGE 01 

EFF_DAILY_FQ[122] FBD:DAILY FLOW TOTAL STOR> MOVE .15.10 55,52 OUT w - - -
AGE 01 

EFF_DAILY_FQ[120] FBD:DAILY FLOW TOTAL STOR> MOVE .15.13 39,67 IN R - - -
AGE 01 

EFF_DAILY_FQ[121] FBD:DAILY FLOW TOTAL STOR> MOVE .15.13 55,67 OUT w - - -
AGE 01 

EFF_DAILY_FQ[119] FBD:DAILY FLOW TOTAL STOR> MOVE .15.16 39,82 IN R - - -
AGE 01 

EFF_DAILY_FQ[120] FBD:DAILY FLOW TOTAL STOR> MOVE .15.16 55,82 OUT w - - -
AGE 01 

EFF_DAILY_FQ[118] FBD:DAILY FLOW TOTAL STOR> MOVE .15.19 114,7 IN R - - -
AGE 01 

EFF_DAILY_FQ[119] FBD:DAILY FLOW TOTAL STOR> MOVE .15.19 130,7 OUT w - -
AGE 01 

EFF_DAILY_FQ[117] FBD:DAILY FLOW TOTAL STOR> MOVE .15.22 114' 22 IN R - - -
AGE 01 

EFF_DAILY FQ[118] FBD:DAILY FLOW TOTAL STOR> MOVE .15.22 130,22 OUT w - - -
AGE 01 

EFF_DAILY_FQ[116] FBD:DAILY FLOW TOTAL STOR> MOVE .15.25 114, 37 IN - - -
AGE 01 
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EFF_DAILY_FQ[117] FBD:DAILY FLOW TOTAL STOR> MOVE .15.25 130,37 OUT w - - -
AGE 01 

EFF_DAILY_FQ[115) FBD:DAILY FLOW TOTAL STOR> MOVE .15.28 114 1 52 IN R - - -
AGE 01 

EFF_DAILY_FQ[116) FBD:DAILY FLOW TOTAL STOR> MOVE .15. 28 130' 52 OUT w - - -
AGE 01 

EFF_DAILY_FQ[114) FBD:DAILY FLOW TOTAL STOR> MOVE .15. 31 114,67 IN R - - -
AGE 01 

EFF_DAILY_FQ[115) FBD:DAILY FLOW TOTAL STOR> MOVE .15.31 130,67 OUT w - - -
AGE 01 

EFF_DAILY_FQ[113) FBD:DAILY FLOW TOTAL STOR> MOVE .15. 34 114,82 IN R - - -
AGE 01 

EFF_DAILY_FQ[114) FBD:DAILY FLOW TOTAL STOR> MOVE .15.34 130,82 OUT w - - -
AGE 01 

EFF_DAILY_FQ[112) FBD:DAILY FLOW TOTAL STOR> MOVE .15.37 18 9' 7 IN R - - -
AGE 01 

EFF_DAILY_FQ[113) FBD:DAILY FLOW TOTAL STOR> MOVE .15.37 205, 7 OUT w - - -
AGE 01 

EFF_DAILY_FQ[111] FBD:DAILY FLOW TOTAL STOR> MOVE .15.40 189,22 IN R - - -
AGE 01 

0 
EFF_DAILY_FQ[112) FBD:DAILY FLOW TOTAL STOR> MOVE .15.40 205,22 OUT w - - -

AGE 01 
EFF_DAILY_FQ[110) FBD:DAILY FLOW TOTAL STOR> MOVE .15. 4 3 189,37 IN R - - -

AGE 01 
EFF_DAILY_FQ[111) FBD:DAILY FLOW TOTAL STOR> MOVE .15.43 205,37 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[109) FBD:DAILY FLOW TOTAL STOR> MOVE .15.46 189,52 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[110) FBD:DAILY FLOW TOTAL STOR> MOVE .15.46 205,52 OUT w - - -

AGE 01 
EFF_DAILY_FQ[108) FBD:DAILY FLOW TOTAL STOR> MOVE .15.49 189,67 IN R - - -

AGE 01 
EFF_DAILY_FQ[109) FBD:DAILY FLOW TOTAL STOR> MOVE .15.49 205, 67 OUT w - - -

AGE 01 
EFF_DAILY_FQ[107) FBD:DAILY FLOW TOTAL STOR> MOVE .15.52 189,82 IN R - - -

AGE 01 
EFF_DAILY_FQ[108) FBD:DAILY FLOW TOTAL STOR> MOVE .15.52 205,82 OUT w - - -

AGE 01 
EFF_DAILY_FQ[106) FBD:DAILY FLOW TOTAL STOR> MOVE .15.55 264,7 IN R - - -

AGE Ol 
EFF_DAILY_FQ[107) FBD:DAILY FLOW TOTAL STOR> MOVE .15.55 280,7 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[105) FBD:DAILY FLOW TOTAL STOR> MOVE .15.58 264,22 IN R - - -
AGE 01 

EFF_DAILY_FQ[106) FBD:DAILY FLOW TOTAL STOR> MOVE .15.58 280,22 OUT w - - -
AGE 01 

EFF_DAILY_FQ[104) FBD:DAILY FLOW TOTAL STOR> MOVE .15.61 264,37 IN R - - -

0 
AGE 01 

EFF_DAILY_FQ[105) FBD:DAILY FLOW TOTAL STOR> MOVE .15.61 280,37 OUT w - - -
AGE 01 

Version: 9/15/2009 10:47:43 Page: 55 



Schne1der Automation Project 29.09.09 
Concept OMEGA 

table contlnued ... 

Variable usage (Name: All, Type: All, DataType: All, Sorted by: name) 

Variable name Used in sect1on Type Instance/Network at Pin R/W 

EFF_DAILY_FQ[l03] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 64 2 6 4 1 52 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[l04] FBD:DAILY FLOW TOTAL STOR> MOVE .15.64 280,52 OUT w - - -

AGE 01 
EFF_DAILY_FQ[l02] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 67 264,67 IN R - - -

AGE 01 
EFF_DAILY_FQ[l03] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 67 280,67 OUT w - - -

AGE 01 
EFF_DAILY_FQ[lOl] FBD:DAILY FLOW TOTAL STOR> MOVE .15.70 264,82 IN R - - -

AGE 01 
EFF_DAILY_FQ[l02] FBD:DAILY FLOW TOTAL STOR> MOVE .15.70 280,82 OUT w - - -

AGE 01 
EFF_DAILY_FQ[lOO] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 73 39,107 IN R - - -

AGE 01 
EFF_DAILY_FQ[lOl] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 73 55,107 OUT w - - -

AGE 01 
EFF_DAILY_FQ[99] FBD:DAILY FLOW TOTAL STOR> MOVE .15.76 39,122 IN R 

- - -
AGE 01 

EFF_DAILY_FQ[lOO] FBD:DAILY FLOW TOTAL STOR> MOVE .15.76 55,122 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[98] FBD:DAILY FLOW TOTAL STOR> MOVE .15.79 39,137 IN R - - -

AGE 01 
EFF_DAILY_FQ[99] FBD:DAILY FLOW TOTAL STOR> MOVE .15.79 55,137 OUT - - -

AGE 01 
EFF_DAILY_FQ[97] FBD:DAILY FLOW TOTAL STOR> MOVE .15.82 39,152 IN R 

- - -
AGE 01 

EFF_DAILY_FQ[98] FBD:DAILY FLOW TOTAL STOR> MOVE .15.82 55,152 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[96] FBD:DAILY FLOW TOTAL STOR> MOVE .15.85 39,167 IN R 

- - -
AGE 01 

EFF_DAILY_FQ[97] FBD:DAILY FLOW TOTAL STOR> MOVE .15.85 55,167 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[95] FBD:DAILY FLOW TOTAL STOR> MOVE .15.88 39,182 IN R 

- - -
AGE 01 

EFF_DAILY_FQ[96] FBD:DAILY FLOW TOTAL STOR> MOVE .15.88 55,182 OUT w - - -
AGE 01 

EFF_DAILY_FQ[94] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 91 114,107 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[95] FBD:DAILY FLOW TOTAL STOR> MOVE .15.91 130,107 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[93] FBD:DAILY FLOW TOTAL STOR> MOVE .15.94 114,122 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[94] FBD:DAILY FLOW TOTAL STOR> MOVE .15.94 130,122 OUT w - - -

AGE 01 
EFF_DAILY_FQ[92] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 97 114, 137 IN R 

- - -
AGE 01 

EFF_DAILY_FQ[93] FBD:DAILY FLOW TOTAL STOR> MOVE .15. 97 130,137 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[91] FBD:DAILY FLOW TOTAL STOR> MOVE .15.100 114,152 IN I. - - -

AGE 01 
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EFF_DAILY_FQ[92] FBD:DAILY FLOW TOTAL STOR> MOVE .15.100 130,152 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[90] FBD:DAILY FLOW TOTAL STOR> MOVE .15.103 114,167 IN R - - -

AGE 01 
EFF_DAILY_FQ[91] FBD:DAILY FLOW TOTAL STOR> MOVE .15.103 130,167 OUT w - - -

AGE 01 
EFF_DAILY_FQ[89] FBD:DAILY FLOW TOTAL STOR> MOVE .15.106 114,182 IN R 

- - -
AGE 01 

EFF _DAILY_ FQ [ 90] FBD:DAILY FLOW TOTAL STOR> MOVE .15.106 130,182 OUT w - - -
AGE 01 

EFF_DAILY_FQ[88] FBD:DAILY FLOW TOTAL STOR> MOVE .15.109 189,107 IN R - - -
AGE 01 

EFF_DAILY_FQ[89] FBD:DAILY FLOW TOTAL STOR> MOVE .15.109 205, 107 OUT w - - -
AGE 01 

EFF_DAILY_FQ[87] FBD:DAILY FLOW TOTAL STOR> MOVE .15.112 189,122 IN R - - -
AGE 01 

EFF_DAILY_FQ[88] FBD:DAILY FLOW TOTAL STOR> MOVE .15.112 205,122 OUT w - - -
AGE 01 

EFF_DAILY_FQ[86] FBD:DAILY FLOW TOTAL STOR> MOVE .15.115 189,137 IN R - - -
AGE 01 

• EFF_DAILY_FQ[87) FBD:DAILY FLOW TOTAL STOR> MOVE .15.115 205, 137 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[85) FBD:DAILY FLOW TOTAL STOR> MOVE .15.118 189,152 IN R - - -

AGE 01 
EFF_DAILY_FQ[86) FBD:DAILY FLOW TOTAL STOR> MOVE .15.118 205, 152 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[84] FBD:DAILY FLOW TOTAL STOR> MOVE .15.121 189,167 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[85] FBD:DAILY FLOW TOTAL STOR> MOVE .15.121 205,167 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[83] FBD:DAILY FLOW TOTAL STOR> MOVE .15.124 189,182 IN R - - -
AGE 01 

EFF_DAILY_FQ[84] FBD:DAILY FLOW TOTAL STOR> MOVE .15.124 205,182 OUT w - - -
AGE 01 

EFF_DAILY_FQ[82) FBD:DAILY FLOW TOTAL STOR> MOVE .15.127 264,107 IN R - - -
AGE 01 

EFF_DAILY_FQ[83) FBD:DAILY FLOW TOTAL STOR> MOVE .15.127 280,107 OUT w - - -
AGE 01 

EFF_DAILY_FQ[81] FBD:DAILY FLOW TOTAL STOR> MOVE .15.130 264,122 IN R - - -
AGE 01 

EFF_DAILY_FQ[82) FBD:DAILY FLOW TOTAL STOR> MOVE .15.130 280,122 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[80] FBD:DAILY FLOW TOTAL STOR> MOVE .15.133 264,137 IN R - - -

AGE 01 
EFF_DAILY_FQ[81] FBD:DAILY FLOW TOTAL STOR> MOVE .15.133 280,137 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[79] FBD:DAILY FLOW TOTAL STOR> MOVE .15.136 264,152 IN R - - -

• AGE 01 
EFF_DAILY_FQ[80] FBD:DAILY FLOW TOTAL STOR> MOVE .15.136 280,152 OUT w 

- - -
AGE 01 
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EFF_DAILY_FQ[78) FBD:DAILY FLOW TOTAL STOR> MOVE .15.139 264,167 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[79] FBD:DAILY FLOW TOTAL STOR> MOVE .15.139 280,167 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[77] FBD:DAILY FLOW TOTAL STOR> MOVE .15.142 264,182 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[78) FBD:DAILY FLOW TOTAL STOR> MOVE .15.142 280,182 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[76) FBD:DAILY FLOW TOTAL STOR> MOVE .15.145 39,207 IN R - - -
AGE 01 

EFF_DAILY_FQ[77) FBD:DAILY FLOW TOTAL STOR> MOVE .15.145 55,207 OUT w 
- - -

AGE 01 
EFF_DAILY_FQ[75) FBD:DAILY FLOW TOTAL STOR> MOVE .15.148 39,222 IN R - - -

AGE 01 
EFF_DAILY_FQ[76] FBD:DAILY FLOW TOTAL STOR> MOVE .15.148 55,222 OUT w - - -

AGE 01 
EFF_DAILY_FQ[74) FBD:DAILY FLOW TOTAL STOR> MOVE .15.151 114,207 IN R - - -

AGE 01 
EFF_DAILY_FQ[75] FBD:DAILY FLOW TOTAL STOR> MOVE .15.151 130,207 OUT w - - -

AGE 01 
EFF_DAILY_FQ[73) FBD:DAILY FLOW TOTAL STOR> MOVE .15.154 114,222 IN R - - -

AGE 01 • EFF_DAILY_FQ[74] FBD:DAILY FLOW TOTAL STOR> MOVE .15.154 130,222 OUT 
- - -

AGE 01 
EFF_DAILY_FQ[72) FBD:DAILY FLOW TOTAL STOR> MOVE .15.157 189,207 IN R - - -

AGE 01 
EFF_DAILY_FQ[73] FBD:DAILY FLOW TOTAL STOR> MOVE .15.157 205,207 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[7l) FBD:DAILY FLOW TOTAL STOR> MOVE .15.160 189,222 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[72) FBD:DAILY FLOW TOTAL STOR> MOVE .15.160 205,222 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[70) FBD:DAILY FLOW TOTAL STOR> MOVE .15.163 264,207 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[7l) FBD:DAILY FLOW TOTAL STOR> MOVE .15.163 280,207 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[69) FBD:DAILY FLOW TOTAL STOR> MOVE .15.166 264,222 IN R 
- - -

AGE 01 
EFF_DAILY_FQ[70] FBD:DAILY FLOW TOTAL STOR> MOVE ' .15.166 280,222 OUT w 

- - -
AGE 01 

EFF_DAILY_FQ[68) FBD:DAILY FLOW TOTAL STOR> MOVE .16 .l 39,7 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[69) FBD:DAILY FLOW TOTAL STOR> MOVE .16 .l 55,7 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[67] FBD:DAILY FLOW TOTAL STOR> MOVE . 16. 4 39,22 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[68) FBD:DAILY FLOW TOTAL STOR> MOVE .16. 4 55,22 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[66) FBD:DAILY FLOW TOTAL STOR> MOVE .16. 7 39, 37 IN 

' 
- - -

AGE 02 
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EFF_DAILY_FQ[6i] FBD:DAILY FLOW TOTAL STOR> MOVE .16.i 55, 37 OUT w 
- - -

AGE 02 
EFF_DAILY_FQ[65] FBD:DAILY FLOW TOTAL STOR> MOVE .16.10 39,52 IN R - - -

AGE 02 
EFF_DAILY_FQ[66] FBD:DAILY FLOW TOTAL STOR> MOVE .16.10 55,52 OUT w - - -

AGE 02 
EFF_DAILY_FQ[64] FBD:DAILY FLOW TOTAL STOR> MOVE .16.13 39,67 IN R - - -

AGE 02 
EFF_DAILY_FQ[65] FBD:DAILY FLOW TOTAL STOR> MOVE .16.13 55,67 OUT w - - -

AGE 02 
EFF_DAILY_FQ[63] FBD: DAILY FLOvl TOTAL STOR> MOVE .16.16 39, 82 IN R 

- - -
AGE 02 

EFF_DAILY_FQ[64] FBD:DAILY FLOW TOTAL STOR> MOVE .16.16 55,82 OUT w 
- - -

AGE 02 
EFF_DAILY_FQ[62] FBD:DAILY FLOW TOTAL STOR> MOVE .16.19 11417 IN R - - -

AGE 02 
EFF_DAILY_FQ[63] FBD:DAILY FLOW TOTAL STOR> MOVE .16.19 130,7 OUT w - - -

AGE 02 
EFF_DAILY_FQ[61] FBD:DAILY FLOW TOTAL STOR> MOVE .16.22 114,22 IN R - - -

AGE 02 

0 
EFF_DAILY_FQ[62] FBD:DAILY FLOW TOTAL STOR> MOVE .16.22 130,22 OUT w - - -

AGE 02 
EFF_DAILY_FQ[60] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 25 114,37 IN R - - -

AGE 02 
EFF_DAILY_FQ[61] FBD:DAILY FLOW TOTAL STOR> MOVE .16.25 130,37 OUT w - - -

AGE 02 
EFF_DAILY_FQ[59] FBD:DAILY FLOW TOTAL STOR> MOVE .16.28 114 1 52 IN R - - -

AGE 02 
EFF_DAILY_FQ[60] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 28 130,52 OUT w - - -

AGE 02 
EFF_DAILY_FQ[58] FBD:DAILY FLOW TOTAL STOR> MOVE .16.31 114,6i IN R - - -

AGE 02 
EFF_DAILY_FQ[59] FBD:DAILY FLOW TOTAL STOR> MOVE .16.31 130,67 OUT w - - -

AGE 02 
EFF_DAILY_FQ[57] FBD:DAILY FLOW TOTAL STOR> MOVE .16.34 114,82 IN R - - -

AGE 02 
EFF_DAILY_FQ[58] FBD:DAILY FLOW TOTAL STOR> MOVE .16.34 130,82 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[56] FBD:DAILY FLOW TOTAL STOR> MOVE .16.37 189,7 IN R - - -
AGE 02 

EFF_DAILY_FQ[57] FBD:DAILY FLOW TOTAL STOR> MOVE .16.37 205,7 OUT w - - -
AGE 02 

EFF_DAILY_FQ[55] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 4 0 189,22 IN R - - -
AGE 02 

EFF_DAILY_FQ[56] FBD:DAILY FLOW TOTAL STOR> MOVE .16.40 205,22 OUT w - - -
AGE 02 

EFF_DAILY_FQ[54] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 4 3 189,37 IN R - - -

0 
AGE 02 

EFF_DAILY_FQ[55] FBD:DAILY FLOW TOTAL STOR> MOVE .16.43 205,37 OUT w - - -
AGE 02 
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EFF_DAILY_FQ[53] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 46 189, 52 IN R - - -
AGE 02 

EFF_DAILY_FQ[54) FBD:DAILY FLOW TOTAL STOR> MOVE .16.46 205,52 OUT w - - -
AGE 02 

EFF_DAILY_FQ[52] FBD:DAILY FLOW TOTAL STOR> MOVE .16.49 189,67 IN R - - -
AGE 02 

EFF_DAILY_FQ[53] FBD:DAILY FLOW TOTAL STOR> MOVE .16.49 205,67 OUT w - - -
AGE 02 

EFF_DAILY_FQ[51] FBD:DAILY FLOW TOTAL STOR> MOVE .16.52 189,82 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[52] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 52 205,82 OUT w - - -

AGE 02 
EFF_DAILY_FQ[50] FBD:DAILY FLOW TOTAL STOR> MOVE .16.55 2 64, 7 IN R - - -

AGE 02 
EFF_DAILY_FQ[51] FBD:DAILY FLOW TOTAL STOR> MOVE .16.55 280,7 OUT w - - -

AGE 02 
EFF_DAILY_FQ[49] FBD:DAILY FLOW TOTAL STOR> MOVE .16.58 264,22 IN R - - -

AGE 02 
EFF_DAILY_FQ[50] FBD:DAILY FLOW TOTAL STOR> MOVE .16.58 280,22 OUT w - - -

AGE 02 
EFF_DAILY_FQ[48] FBD:DAILY FLOW TOTAL STOR> MOVE .16.61 264,37 IN R - - -

AGE 02 
EFF_DAILY_FQ(49] FBD:DAILY FLOW TOTAL STOR> MOVE .16.61 280,37 OUT - - -

AGE 02 
EFF_DAILY_FQ[47] FBD:DAILY FLOW TOTAL STOR> MOVE .16.64 264,52 IN R - - -

AGE 02 
EFF_DAILY_FQ[48) FBD:DAILY FLOW TOTAL STOR> MOVE .16.64 280,52 OUT w - - -

AGE 02 
EFF_DAILY_FQ[46] FBD:DAILY FLOW TOTAL STOR> MOVE .16.67 264 t 67 IN R 

AGE 02 
EFF_DAILY_FQ[47] FBD:DAILY FLOW TOTAL STOR> MOVE .16.67 280,67 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[45] FBD:DAILY FLOW TOTAL STOR> MOVE .16.70 264,82 IN R - - -
AGE 02 

EFF_DAILY_FQ[46] FBD:DAILY FLOW TOTAL STOR> MOVE .16.70 280,82 OUT w - - -
AGE 02 

EFF_DAILY_FQ[44] FBD:DAILY FLOW TOTAL STOR> MOVE .16.73 39,107 IN R - - -
AGE 02 

EFF_DAILY_FQ[45] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 73 55,107 OUT w - - -
AGE 02 

EFF_DAILY_FQ[43] FBD:DAILY FLOW TOTAL STOR> MOVE .16.76 39,122 IN R - - -
AGE 02 

EFF_DAILY_FQ[44] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 7 6 55,122 OUT w - - -
AGE 02 

EFF DAILY 42] FBD:DAILY FLOW TOTAL STOR> MOVE - - - .16. 79 39,137 IN R 

EFF_DAILY_FQ[43] FBD:DAILY FLOW TOTAL STOR> MOVE .16.79 55,13i OUT w - - -
AGE 02 

ErF_DAILY_rQ[41] FBD:DAILY FLOW TOTAL STOR> MOVE .16.82 39,152 IN - - -
AGE 02 
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EFF_DAILY_FQ[42] FBD:DAILY FLOW TOTAL STOR> MOVE .16.82 55,152 OUT w - - -
AGE 02 

EFF_DAILY_FQ[40] FBD:DAILY FLOW TOTAL STOR> MOVE .16.85 39,167 IN R - - -
AGE 02 

EFF_DAILY_FQ[41] FBD:DAILY FLOW TOTAL STOR> MOVE .16.85 55,167 OUT w - - -
AGE 02 

EFF_DAILY_FQ[39] FBD:DAILY FLOW TOTAL STOR> MOVE .16.88 39,182 IN R - - -
AGE 02 

EFF_DAILY_FQ[40] FBD:DAILY FLOW TOTAL STOR> MOVE .16.88 55,182 OUT w - - -
AGE 02 

EFF_DAILY_FQ[38] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 91 114,107 IN R - - -
AGE 02 

EFF_DAILY_FQ[39] FBD:DAILY FLOW TOTAL STOR> MOVE .16.91 130,107 OUT w - - -
AGE 02 

EFF_DAILY_FQ[37] FBD:DAILY FLOW TOTAL STOR> MOVE .16.94 114,122 IN R - - -
AGE 02 

EFF_DAILY_FQ[38] FBD:DAILY FLOW TOTAL STOR> MOVE .16. 94 130,122 OUT w - - -
AGE 02 

EFF_DAILY_FQ[36] FBD:DAILY FLOW TOTAL STOR> MOVE .16.97 114,137 IN R - - -
AGE 02 

~ 
EFF_DAILY_FQ[37] FBD:DAILY FLOW TOTAL STOR> MOVE .16.97 130,137 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[35] FBD:DAILY FLOW TOTAL STOR> MOVE .16.100 114,152 IN R - - -
AGE 02 

EFF_DAILY_FQ[36] FBD:DAILY FLOW TOTAL STOR> MOVE .16.100 130,152 OUT w - - -
AGE 02 

EFF_DAILY_FQ[34] FBD:DAILY FLOW TOTAL STOR> MOVE .16.103 114,167 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[35] FBD:DAILY FLOW TOTAL STOR> MOVE .16.103 130,167 OUT w - - -

AGE 02 
EFF_DAILY_FQ[33] FBD:DAILY FLOW TOTAL STOR> MOVE .16.106 114,182 IN R - - -

AGE 02 
EFF_DAILY_FQ[34] FBD:DAILY FLOW TOTAL STOR> MOVE .16.106 130,182 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[32] FBD:DAILY FLOW TOTAL STOR> MOVE .16.109 189,107 IN R - - -
AGE 02 

EFF_DAILY_FQ[33] FBD:DAILY FLOW TOTAL STOR> MOVE .16.109 205,107 OUT w - - -
AGE 02 

EFF_DAILY_FQ[31] FBD:DAILY FLOW TOTAL STOR> MOVE .16.112 189,122 IN R - - -
AGE 02 

EFF_DAILY_FQ[32] FBD:DAILY FLOW TOTAL STOR> MOVE .16.112 205,122 OUT w 
- - -

AGE 02 
EFF_DAILY_FQ[30] FBD:DAILY FLOW TOTAL STOR> MOVE .16.115 189,137 IN R - - -

AGE 02 
EFF_DAILY_FQ[31] FBD:DAILY FLOW TOTAL STOR> MOVE .16.115 205,137 OUT w - - -

AGE 02 
EFF_DAILY_FQ[29] FBD:DAILY FLOW TOTAL STOR> MOVE .16.118 189, 152 IN R - - -

~ 
AGE 02 

EFF_DAILY_FQ[30] FBD:DAILY FLOW TOTAL STOR> MOVE .16.118 205,152 OUT w 
- - -

AGE 02 
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EFF_DAILY_FQ[28] FBD:DAILY FLOW TOTAL STOR> MOVE .16.121 189,167 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[29] FBD:DAILY FLOW TOTAL STOR> MOVE .16.121 205,167 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[27] FBD:DAILY FLOW TOTAL STOR> MOVE .16.124 189,182 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[28] FBD:DAILY FLOW TOTAL STOR> MOVE .16.124 205,182 OUT w 

- - -
AGE 02 

EFF_DAILY_FQ[26] FBD:DAILY FLOW TOTAL STOR> MOVE .16.127 264,107 IN R - - -
AGE 02 

EFF_DAILY_FQ[27] FBD:DAILY FLOW TOTAL STOR> MOVE .16.127 280,107 OUT w 
- - -

AGE 02 
EFF_DAILY_FQ[25] FBD:DAILY FLOW TOTAL STOR> MOVE .16.130 264,122 IN R 

- - -
AGE 02 

EFF_DAILY_FQ[26] FBD:DAILY FLOW TOTAL STOR> MOVE .16.130 280, 122 OUT w - - -
AGE 02 

EFF_DAILY_FQ[24] FBD:DAILY FLOW TOTAL STOR> MOVE .16.133 264,137 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[25] FBD:DAILY FLOW TOTAL STOR> MOVE .16.133 280,137 OUT w - - -

AGE 02 
EFF_DAILY_FQ[23] FBD:DAILY FLOW TOTAL STOR> MOVE .16.136 264,152 IN R - - -

AGE 02 • EFF_DAILY_FQ[24] FBD:DAILY FLOW TOTAL STOR> MOVE .16.136 280,152 OUT - - -
AGE 02 

EFF_DAILY_FQ[22] FBD:DAILY FLOW TOTAL STOR> MOVE .16.139 264,167 IN R - - -
AGE 02 

EFF_DAILY_FQ[23] FBD:DAILY FLOW TOTAL STOR> MOVE .16.139 280,167 OUT w - - -
AGE 02 

EFF_DAILY_FQ[21] FBD:DAILY FLOW TOTAL STOR> MOVE .16.142 264,182 IN R - - -
AGE 02 

EFF_DAILY_FQ[22] FBD:DAILY FLOW TOTAL STOR> MOVE .16.142 280,182 OUT w 
- - -

AGE 02 
EFF_DAILY_FQ[20] FBD:DAILY FLOW TOTAL STOR> MOVE .16.145 39,207 IN R 

- - -
AGE 02 

EFF_DAILY_FQ[21] FBD:DAILY FLOW TOTAL STOR> MOVE .16.145 55,207 OUT w - - -
AGE 02 

EFF_DAILY_FQ[19] FBD:DAILY FLOW TOTAL STOR> MOVE .16.148 39,222 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[20] FBD:DAILY FLOW TOTAL STOR> MOVE .16.148 55,222 OUT w - - -

AGE 02 
EFF_DAILY_FQ[18] FBD:DAILY FLOW TOTAL STOR> MOVE .16.151 114,207 IN R 

- - -
AGE 02 

EFF_DAILY_FQ[19] FBD:DAILY FLOW TOTAL STOR> MOVE .16.151 130,207 OUT w - - -
AGE 02 

EFF_DAILY_FQ[17] FBD:DAILY FLOW TOTAL STOR> MOVE .16.154 114,222 IN R 
- - -

AGE 02 
EFF_DAILY_FQ[18] FBD:DAILY FLOW TOTAL STOR> MOVE .16.154 130,222 OUT w - - -

AGE 02 
EFF_DAILY_FQ[16] FBD:DAILY FLOW TOTAL STOR> MOVE .16.157 189,207 IN I. - - -

AGE 02 
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EFF_DAILY_FQ[17] FBD:DAILY FLOW TOTAL STOR> MOVE .16.157 205,207 OUT w - - -
AGE 02 

EFF_DAILY_FQ[15] FBD:DAILY FLOW TOTAL STOR> MOVE .16.160 189,222 IN R - - -
AGE 02 

EFF_DAILY_FQ[16] FBD:DAILY FLOW TOTAL STOR> MOVE .16.160 205,222 OUT w - - -
AGE 02 

EFF_DAILY_FQ[14] FBD:DAILY FLOW TOTAL STOR> MOVE .16.163 264,207 IN R - - -
AGE 02 

EFF_DAILY_FQI15] FBD:DAILY FLOW TOTAL STOR> MOVE .16.163 280,207 OUT w - - -
AGE 02 

EFF_DAILY_FQ[13] FBD:DAILY FLOW TOTAL STOR> MOVE .16.166 264,222 IN R - - -
AGE 02 

EFF_DAILY_FQI14] FBD:DAILY FLOW TOTAL STOR> MOVE .16.166 280,222 OUT w - - -
AGE 02 

EFF_DAILY_FQI12] FBD:DAILY FLOW TOTAL STOR> MOVE .17 .1 39, 7 IN R - - -
AGE 03 

EFF_DAILY_FQ[13] FBD:DAILY FLOW TOTAL STOR> MOVE .17 .1 55,7 OUT w - - -
AGE 03 

EFF_DAILY_FQ[11] FBD:DAILY FLOW TOTAL STOR> MOVE .17. 4 39,22 IN R - - -
AGE 03 

0 
EFF_DAILY_FQ[12] FBD:DAILY FLOW TOTAL STOR> MOVE .17. 4 55,22 OUT w - - -

AGE 03 
EFF_DAILY_FQ[10] FBD:DAILY FLOW TOTAL STOR> MOVE .17. 7 39, 37 IN R - - -

AGE 03 
EFF_DAILY_FQI11] FBD:DAILY FLOW TOTAL STOR> MOVE .17. 7 55,37 OUT w - - -

AGE 03 
EFF _DAILY _FQ I 9] FBD:DAILY FLOW TOTAL STOR> MOVE .17.10 39,52 IN R - - -

AGE 03 
EFF_DAILY_FQI10] FBD:DAILY FLOW TOTAL STOR> MOVE .17.10 55,52 OUT w - - -

AGE 03 
EFF_DAILY_FQI8J FBD:DAILY FLOW TOTAL STOR> MOVE .17 .13 39, 67 IN R - - -

AGE 03 
EFF _DAILY _FQ I 9] FBD:DAILY FLOW TOTAL STOR> MOVE .17 .13 55, 67 OUT w - - -

AGE 03 
E FF _DAILY _FQ I 7] FBD:DAILY FLOW TOTAL STOR> MOVE .17.16 39, 82 IN R 

- - -
AGE 03 

E FF _DAILY _FQ [ 8] FBD:DAILY FLOW TOTAL STOR> MOVE .17.16 55,82 OUT w 
- - -

AGE 03 
EFF _DAILY _FQ [ 6] FBD:DAILY FLOW TOTAL STOR> MOVE .17.19 114,7 IN R - - -

AGE 03 
EFF _DAILY _FQ[ 7] FBD:DAILY FLOW TOTAL STOR> MOVE .17.19 130,7 OUT w - - -

AGE 03 
EFF _DAILY _FQ [ 5] FBD:DAILY FLOW TOTAL STOR> MOVE .17.22 114,22 IN R - - -

AGE 03 
EFF _DAILY _FQ I 6] FBD:DAILY FLOW TOTAL STOR> MOVE .17.22 130,22 OUT w - - -

AGE 03 
EFF_DAILY_FQ[4] FBD:DAILY FLOW TOTAL STOR> MOVE .17.25 114, 37 IN R - - -

0 
AGE 03 

EFF _DAILY _FQ I 5] FBD:DAILY FLOW TOTAL STOR> MOVE .17.25 130,37 OUT w - - -
AGE 03 
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EFF _DAILY _f'Q[3] FBD:DAILY FLOW TOTAL STOR> MOVE .17.28 114,52 IN R 
~ - -

AGE 03 
EFF _DAILY~ FQ [ 4] FBD:DAILY FLOW TOTAL STOR> MOVE .17.28 130, 52 OUT w - ~ -

AGE 03 
EFF_DAILY_FQ[2] FBD:DAILY FLOW TOTAL STOR> MOVE .17. 31 114, 67 IN R 

AGE 03 
EFF_DAILY_FQ[3] FBD:DAILY FLOW TOTAL STOR> MOVE .17. 31 130,67 Oi.JT w - - -

AGE 03 
EFF DAILY_FQ[1] FBD:DAILY FLOW TOTAL STOR> MOVE .17.34 114, 82 IN R - - -

AGE 03 
EFF_DAILY_f'Q[2] FBD:DAILY FLOW TOTAL STOR> MOVE .17. 34 130,82 Oi.JT w - - -

AGE 03 
EFF _DAILY _FQ[ 1; FBD:DAILY FLOW TOTAL STOR> REAL TO DINT .17. 37 98, 95 OUT w - - -

AGE 03 
EFF_DAILY_FQ_LEQ_TH LD:SHUTDOWN TOTALIZER FBI 8 101,29 OUT w 
EFF_DAILY_FQ_RET FBD:DAILY FLOW TOTAL STOR> REAL TO DINT .17. 37 79,95 IN R - - -

AGE 03 
LD:SHUTDOWN MOVE .8.9 98, 37 OUT w 

EFF DAILY TOT INFO.done LD:SHUTDOWN NO CONTACT .8.8 3,38 IN R - - -
EFF DAILY TOT INFO.outc LD:SHUTDOWN MOVE . 8. 9 82,37 IN R - - -

LD:SHUTDOWN TOTALIZER 101,30 INFO w 
EFF DAILY TOT MODE LD:SHUTDOWN TOTALIZER FBI 8 12 82,30 MODE - - -
EFF DAILY TOT PARA LD:SHUTDOWN TOTALIZER FBI 8 12 82,31 PARA - - -
EFF DAILY TOT STAT LD:SHUTDOWN TOTALIZER FBI 8 12 101,31 STATUS - - -
EFF DAILY TOT TRI LD: SHUTDOWN TOTALIZER E'BI 8 12 82,32 TR I R - - -
EFF_DAILY_TOT_TRS LD:SHUTDOWN NO CONTACT .8.160 3,33 IN R 
EE'F E'IT FAIL LD:DISCHARGE WETWELL AND > COIL FBI 5 359 99, 64 Q w - ~ -

PUMP 
EFF E'IT FAIL DI LD:DISCHARGE WETWELL AND > NC CONTACT .5.355 11,67 IN R - - -

PUMP 
EFF_FQAH LD:SHUTDOWN NO CONTACT . 8. 6 3,39 IN R 

LD:SHUTDOWN COIL E'BI 8 7 99,3a Q w 
LD:SHUTDOWN NO CONTACT .a .20 3, 1 IN R 
LD:SHUTDOWN NO CONTACT .a.155 19,22 IN R 
LD:AD ALARMS NO CONTACT . 6.102 11,57 IN R 

EFF_FQH_RESTART LD:SHUTDOWN COIL FBI a 157 99,22 Q w 
LD:SHUTDOWN NC CONTACT . B.15a 19,20 IN R 

EFF _ E'Q_ LEQ_ TH LD:DISCHARGE WETWELL AND > TOTALIZER FBI 5 341 101,48 OUT w - - -
PUMP 

EFF PUMP AUTO HMI LD:DISCHARGE WETWELL AND > NO CONTACT .5.274 27,3 IN R - - - - - -
PUMP 
LD:DISCHARGE WETWELL AND > NC CONTACT .5.278 27, 1 IN R - - -
PUMP 

EFF PUMP CTR LD:DISCHARGE WETWELL AND > COIL E'BI 5 296 91, 9 Q w - - -
PUMP 
LD:DISCHARGE WETWELL AND > NO CONTACT .5.347 3,la IN R - - -
Pi.JMP 

ErF PUMP FAIL LD:DISCHARGE WETWELL AND > NO CONTACT .5.283 11,25 IN R - - -
PUMP 
LD:DISCHARGE WETWELL AND > COIL FBI 5 333 91,24 Q - - ~ 
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PUMP 
LD:DISCHARGE WETWELL AND > NC CONTACT .5.339 19,27 IN R - - -
PUMP 
LD:AD ALARMS NO CONTACT . 6.110 11,51 IN R 

EFF PUMP FAIL DI LD:DISCHARGE WETWELL AND> NC CONTACT . 5. 298 191 13 IN R - - - - - -
PUMP 

EFF PUMP FTS TACC SEC LD:DISCHARGE WETWELL AND > DIV DINT .5.353 991 19 OUT w - - - - - - -
PUMP 

EFF PUMP FTS TON LD:DISCHARGE WETWELL AND > TON FBI 5 348 581 19 Q w - - - - - - --
PUMP 
LD:DISCHARGE WETWELL AND > NO CONTACT .5.354 27124 IN R 

- - -
PUMP 

EFF PUMP FTS TPRE SEC LD:DISCHARGE WETWELL AND > MUL DINT .5.350 10,22 IN1 R - - - - - - -
PUMP 

EFF PUMP IN AUTO LD:DISCHARGE WETWELL AND > COIL FBI 5 273 91, 3 Q w - - - - - --
PUMP 
LD:DISCHARGE WETWELL AND > NO CONTACT . 5. 2 90 3, 37 IN R - - -
PUMP 
LD:DISCHARGE WETWELL AND > NO CONTACT .5.337 3, 27 IN R - - -
PUMP 

EFF PUMP IN MANUAL LD:DISCHARGE WETWELL AND > NO CONTACT . 5. 272 3, 6 IN R • - - - - -
PUMP 
LD:DISCHARGE WETWELL AND > COIL FBI 5 276 911 1 Q w - - - --
PUMP 

EFF PUMP IN REMOTE LD:DISCHARGE WETWELL AND > NO CONTACT . 5. 275 3,3 IN R - - - - -
PUMP 
LD:DISCHARGE WETWELL AND > NO CONTACT . 5. 277 3,1 IN R - - -
PUMP 

EFF PUMP ON LD:DISCHARGE WETWELL AND > NC CONTACT .5.349 27118 IN R 
- - -

PUMP 
EFF PUMP READY LD:SHUTDOWN NC CONTACT .8.159 3,5 IN R 

LD:DISCHARGE WETWELL AND > COIL FBI 5 340 91127 Q w - - - --
PUMP 

EFF PUMP START HMI LD:DISCHARGE WETWELL AND > NO CONTACT .5.270 2716 IN R - - - - - -
PUMP 

EFF PUMP START INTERNAL MA LD:DISCHARGE WETWELL AND > COIL FBI 5 271 91 1 6 Q w - - - - - - - --
PUMP 
LD:DISCHARGE WETWELL AND> NO CONTACT .5.280 3, 9 IN R - - -
PUMP 

EFF PUMP START INTERN AUTO LD:DISCHARGE WETWELL AND > NO CONTACT . 5. 279 3, 10 IN R - - - - - - -
PUMP 
LD:DISCHARGE WETWELL AND > COIL FBI 5 293 91, 37 Q w 

- - - --
PUMP 
LD:DISCHARGE WETWELL AND > NO CONTACT .5.304 191 38 IN R - - -
PUMP 

EFF PUMP START LEVEL SP LD:DISCHARGE WETWELL AND > COMP DB FBI 5 51 50,33 IN2 R - - - - - - - --
PUMP 

• EFF PUMP STOP LEVEL SP LD:DISCHARGE WETWELL AND > COMP DB FBI 5 52 821 33 IN2 R - - - - - - - --
PUMP 

EFF PUMP TIMER ACC LD:DISCHARGE WETWELL AND> TON FBI 5 39 981 15 ET w 
- - - - - - --
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EFF PUMP TIMER DN 
- - -

EFF SUMP HL ALARM 

EFF SUMP HL ALARM SP - - - -
EFF SUMP LEVEL 

EFF SUMP LEVEL PARA - - -
EFF SUMP LEVEL RAW - - -

EFF SUMP LIT FAIL - - -

EFF SUMP LIT FAIL DI - - - -
EFF TOT INFO 

EFF TOT INFO.outc 

EFF TOT MODE 

EFF TOT PARA 

EFF TOT STAT 

EFF TOT TRI 

EFF TOT TRS 

EWl FLOW TIMER ACC 
- - -

EW1 FLOW TIMER DN 
- - -

EW1_FQ 

EW1 FTS 

Version: 9/15/2009 10:47:43 
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Variable usage (Name: All, Type: All, DataType: All, Sorted by: name) 

Used in section Type 

PUMP 
LD:DISCHARGE WETWELL AND > TON - - -
PUMP 
LD:DISCHARGE WETWELL AND > NO CONTACT 
PUMP 
LD:SHUTDOWN 
LD:SHUTDOWN 
LD:SHUTDOWN 
LD:AD ALARMS 
LD:SHUTDOWN 

- - -

COIL 
NO CONTACT 
NO CONTACT 
NO CONTACT 
COMP DB 

LD:SHUTDOWN COMP DB 
LD:DISCHARGE WETWELL AND > COMP DB - - -
PUMP 
LD:DISCHARGE WETWELL AND > COMP DB 
PUMP 
LD:ANALOG 
LD:ANALOG 
LD:SHUTDOWN 
LD:ANALOG 
LD:SHUTDOWN 
LD:SHUTDOWN 

- - -

SCALING 
SCALING 
W INT REAL 
W INT REAL 
COIL 
NO CONTACT 

LD:DISCHARGE WETWELL AND > NO CONTACT 
PUMP 
LD:SHUTDOWN 

- - -

NC CONTACT 
LD:DISCHARGE WETWELL AND > TOTALIZER - - -
PUMP 
LD:DISCHARGE WETWELL AND > MOVE - - -
PUMP 
LD:DISCHARGE WETWELL AND > TOTALIZER - - -
PUMP 
LD:DISCHARGE WETWELL AND > TOTALIZER - - -
PUMP 
LD:DISCHARGE WETWELL AND > TOTALIZER - - -
PUMP 
LD:DISCHARGE WETWELL AND > TOTALIZER 
PUMP 
LD:SYS OH 
LD:SYS OH 

- - -

RESET COIL 
NO CONTACT 

LD:DISCHARGE WETWELL AND> NO CONTACT - - -
PUMP 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 
LD:EXTRACTION WELLS 

TON 
TON 
NO CONTACT 
NC CONTACT 
ADD REAL 
ADD REAL 
ADD REAL 
COIL 
NO CONTACT 
NC CONTACT 

Instance/Network 

FBI 5 39 

.5.285 

FBI 8 2 9 
. 8. 32 
. 8. 34 
.6.75 
FBI 8 28 
FBI 8 28 
FBI 5 51 

FBI 5 52 

FBI 1 51 
FBI 1 51 
FBI 8 145 
FBI l 52 
FBI 8 143 
.8.162 
.5.336 

.8.147 
FBI 5 341 

.5.344 

FBI 5 341 

FBI 5 341 

FBI 5 341 

FBI 5 341 

FBI 7 36 
. 7. 38 
.5.345 

FBI 2 280 
FBI 2 280 
.2.282 
.2.283 
.2.281 
.2.281 
.2.319 
FBI 2 364 
. 2. 367 
. 2. 427 

at 

98, 14 

11,24 

9 9, 62 
3,63 
3, 4 
11,50 
82, 59 
82, 58 
50,32 

82, 32 

29.09.09 

Pin 

Q 

IN 

Q 

IN 
IN 
IN 
IN2 
IN1 
IN1 

IN1 

61,33 OUT 
42,34 PARA 
10,105 IN 
18,33 IN 
91,106 Q 
3,110 IN 
19,14 IN 

3,108 IN 
101,49 INFO 

82, 56 IN 

82, 4 9 MODE 

82,50 PARA 

101,50 STATUS 

82, 51 

99, 31 
3, 32 
3,51 

TR I 

Q 

IN 
IN 

34,171 ET 
34,170 Q 
43,168 IN 
11,169 IN 
107,170 OUT 
90,171 IN2 
50,225 IN1 
171,11 Q 
3,12 IN 
3,14 IN 

R/W 

w 

R 

w 
R 

R 

R 

R 

R 

R 

R 

w 
R 

R 

R 

w 
R 

-w 

R 

R 

R 

w 

R 

w 
R 

R 

w 
w 
R 

R 

w 
R 

R 

w 

r• 
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Variable name Used 1n section Type Instance/Network at P1n R/W 

LD:AD ALARMS NO CONTACT . 6.95 11,16 IN R 
EWl FTS TACC SEC LD:EXTRACTION WELLS DIV DINT .2.378 171, 6 OUT w - - -
EWl FTS TDN LD:EXTRACTION WELLS TON p 981 6 Q w 

LD:EXTRACTION WELLS NO CONTACT .2.365 3,11 IN R 
EWl FTS TPRE SEC LD:EXTRACTION WELLS MUL DINT .2.351 501 9 INl R 

- - -
EWl GAL PER SECOND LD:EXTRACTION WELLS ADD REAL .2.281 90,170 INl R - - -

LD:EXTRACTION WELLS DIV REAL .2.286 35,165 OUT w 
EWl ON LD:BAGFILTER SCALENT VGAC NO CONTACT . 3. 41 35,26 IN R - -

LD:EXTRACTION WELLS NO CONTACT .2.327 67,168 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.332 31223 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.350 27, 5 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.544 671 14 3 IN R 

EWl PAH 114 LD:EXTRACTION WELLS COIL FBI 2 553 171123 Q w 
LD:EXTRACTION WELLS NC CONTACT . 2. 558 91, 14 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.584 3124 IN R 
LD:AD ALARMS NO CONTACT . 6. 25 11,23 IN R 

EWl PAH SP LD:EXTRACTION WELLS COMP DB FBI 2 552 82,20 IN2 R --
EWl PUMPSPEED ~~W LD:ANALOG W INT REAL FBI 1 63 18 1 58 IN R - -
EWl PUMP DISCHARGE FLOW LD:EXTRACTION WELLS DIV REAL .2.286 18,165 INl R - - -

LD:EXTRACTION WELLS ADD REAL .2. 534 10,147 INl R 
LD:ANALOG SCALING FBI 1 72 61,70 OUT w 

0 
--

EWl PUMP DISCHARGE FLOW PARA LD:ANALOG SCALING FBI 1 72 42171 PARA R - - - - --
EWl PUMP DISCHARGE FLOW RAW LD:ANALOG W INT REAL FBI 1 71 18, 70 IN R - - - - --
EWl PUMP DISCHARGE PRESSURE LD:EXTRACTION WELLS COMP DB FBI 2 552 821 19 INl R - - - --

LD:ANALOG SCALING FBI 1 69 61, 64 OUT w --
EWl PUMP DISCHARGE PRESSURE PARA LD:ANALOG SCALING FBI 1 69 4 2, 65 PARA R - - - - --
EWl PUMP DISCHARGE PRESSURE RAW LD:ANALOG W INT REAL FBI 1 70 18, 64 IN R - - - -
EWl PUMP ENABLED LD:EXTRACTION WELLS COIL FBI 2 339 171, 1 Q w --

LD:EXTRACTION WELLS NO CONTACT . 2. 34 7 3,5 IN R 
EWl PUMP FAILED STATUS LD:EXTRACTION WELLS NC CONTACT .2.428 11, 14 IN R - - -

LD:AD ALARMS NO CONTACT . 6 .1 11,6 IN R 
EWl PUMP IN AUTO LD:EXTRACTION WELLS NO CONTACT .2.346 3, 1 IN R - -

LD:EXTRACTION WELLS NO CONTACT . 2. 4 38 671 14 IN R 
EWl PUMP SPEED COMMAND LD:ANALOG REAL TO INT .1.111 61,149 OUT w - - - - -
EWl PUMP SPEED COMMAND HMI LD:ANALOG SCALING FBI 1 102 181149 IN R - - - - --
EWl PUMP SPEED COMMAND PARA LD:ANALOG SCALING FBI 1 102 18, 150 PARA R - - - - --
EWl PUMP SPEED FB LD:ANALOG SCALING FBI 1 64 61, 58 OUT w 

- - - --
EWl PUMP SPEED FB PARA LD:ANALOG SCALING FBI 1 64 4 2, 59 PARA R - -
EWl READY LD:SHUTDOWN NO CONTACT . 8 .127 3, 94 IN R 

LD:EXTRACTION WELLS COIL FBI 2 434 171,14 Q w 
LD:EXTRACTION WELLS NO CONTACT .2.435 19, 1 IN R 

EWl WELL VAULT HIGHLEVEL ALARM LD:EXTRACTION WELLS NO CONTACT .2.525 351 14 IN R - - - -
LD:AD ALARMS NC CONTACT .6.89 11,11 IN R 

EW2 FLOW TIMER ACC LD:EXTRACTION WELLS TON FBI 2 298 50,183 ET w - - -
EW2 FLOW TIMER DN LD:EXTRACTION WELLS NO CONTACT .2.296 591180 IN R - - -

LD:EXTRACTION WELLS TON FBI 2 298 50,182 Q w 
LD:EXTRACTION WELLS NC CONTACT .2.299 11,181 IN R 

0 
EW2 _FQ LD:EXTRACTION WELLS ADD REAL .2.297 107,182 OUT w 

LD:EXTRACTION WELLS ADD REAL .2.297 90,183 IN2 R 
LD:EXTRACTION WELLS ADD REAL .2.319 501 22 6 IN2 R 
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EW2 FTS LD:EXTRACTION WELLS NC CONTACT .2.444 3, 41 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.447 3,39 IN R 
LD:EXTRACTION WELLS COIL FBI 2 450 171,38 Q w 
LD:AD ALARMS NO CONTACT .6.97 11,17 IN R 

EW2 FTS TACC SEC LD:EXTRACTION WELLS DIV DINT . 2. 4 4 5 171,33 OUT w 
- - -

EW2 FTS TDN LD:EXTRACTION WELLS NO CONTACT .2.449 3, 38 IN R 
LD:EXTRACTION WELLS TON 'FBI 2 455 98, 33 Q w 

EW2 FTS TPRE SEC LD:EXTRACTION WELLS MUL DINT .2.453 50,36 INl R - - -
EW2 GAL PER SECOND LD:EXTRACTION WELLS DIV REAL .2.295 51, 177 OUT w - - -

LD:EXTRACTION WELLS ADD REAL . 2. 297 90, 182 INl R 
EW2 ON LD:BAGFILTER SCALENT VGAC NO CONTACT .3.44 35,27 IN R 

- -
LD:EXTRACTION WELLS NO CONTACT .2.328 75,180 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.333 3,224 IN R 
LD:EXTRACTION WELLS NC CONTACT . 2. 4 54 27,32 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.545 67,144 IN R 

EW2 PAH 124 LD:EXTRACTION WELLS COIL FBI 2 562 171,51 Q w 
LD:EXTRACTION WELLS NC CONTACT . 2. 564 91, 41 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.589 3,52 IN R 
LD:AD ALARMS NO CONTACT . 6. 26 11,24 IN R 

EW2 PAH SP LD:EXTRACTION WELLS COMP DB FBI 2 563 82, 4 8 IN2 R 
--

EW2 PUMPSPEED FEEDBACK PARA LD:ANALOG SCALING FBI 1 84 42,111 PARA R - - - --
EW2 PUMPSPEED FEEDBACK RAW LD:ANALOG W INT REAL FBI 1 83 18,110 IN 

1-- - -
EW2 PUMP DISCHARGE FLOW LD:EXTRACTION WELLS DIV REAL .2.295 34,177 INl - - -

LD:EXTRACTION WELLS ADD REAL .2.534 10,148 IN2 
LD:ANALOG SCALING FBI 1 7 5 61, 82 OUT w 

EW2 PUMP DISCHARGE FLOW PARA LD:ANALOG SCALING FBI 1 75 42, 83 PARA R - - - - --
EW2 PUMP DISCHARGE FLOW RAW LD:ANALOG W INT REAL FBI 1 7 6 18, 82 IN R - - - - --
EW2 PUMP DISCHARGE PRESSURE LD:EXTRACTION WELLS COMP DB FBI 2 563 82, 4 7 INl R 

- - - --
LD:ANALOG SCALING FBI 1 73 61,76 OUT w 

--
EW2 PUMP DISCHARGE PRESSURE PARA LD:ANALOG SCALING FBI 1 73 42, 77 PARA R - - - - --
EW2 PUMP DISCHARGE PRESS RAW LD:ANALOG W INT REAL FBI 1 74 18, 7 6 IN R - - - -
EW2 PUMP ENABLED LD:EXTRACTION WELLS NO CONTACT .2.456 3,32 IN R 

LD:EXTRACTION WELLS COIL FBI 2 459 171,28 Q w --
EW2 PUMP FAILED STATUS LD:EXTRACTION WELLS NC CONTACT .2.443 11, 41 IN R - - -

LD :AD ALARMS NO CONTACT . 6. 2 11,7 IN R 
EW2 PUMP IN AUTO LD:EXTRACTION WELLS NO CONTACT .2.439 59, 41 IN R 

- -
LD:EXTRACTION WELLS NO CONTACT . 2. 457 3,28 IN R 

EW2 PUMP SPEED COMMAND LD:ANALOG REAL TO INT .1.110 61, 155 OUT w 
- - - - -

EW2 PUMP SPEED COMMAND HMI LD:ANALOG SCALING FBI 1 105 18, 155 IN R 
- - - - --

EW2 PUMP SPEED COMMAND PARA LD:ANALOG SCALING FBI 1 105 18,156 PARA R 
- - - - --

EW2 PUMP SPEED FB LD:ANALOG SCALING FBI 1 84 61,110 OUT w - - -
EW2 READY LD:SHUTDOWN NO CONTACT . 8 .128 3,95 IN R 

LD:EXTRACTION WELLS NO CONTACT .2.440 19,28 IN R 
LD:EXTRACTION WELLS COIL FBI 2 441 171,41 Q w 

EW2 WELL VAULT HIGHLEVEL ALARM LD:EXTRACTION WELLS NO CONTACT .2.526 35,41 IN R - - - -
LD:AD ALARMS NC CONTACT .6.90 11, 12 IN R 

EW3 FLOW TIMER ACC LD:EXTRACTION WELLS TON FBI 2 305 50,197 ET w 
- - - --

EW3 FLOW TIMER DN LD:EXTRACTION WELLS NC CONTACT .2.304 11,195 IN R - - -

I. LD:EXTRACTION WELLS TON FBI 2 305 50,196 Q --
LD:EXTRACTION WELLS NO CONTACT .2.307 59,194 IN 
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EW3 _FQ LD:EXTRACTION WELLS ADD REAL .2.306 107,196 OUT w 
LD:EXTRACTION WELLS ADD REAL .2.306 90,197 IN2 R 
LD:EXTRACTION WELLS ADD REAL .2.319 50,227 IN3 R 

EW3 FTS LD:EXTRACTION WELLS COIL FBI 2 469 171,66 Q w --
LD:EXTRACTION WELLS NO CONTACT . 2. 472 3, 67 IN R 
LD:EXTRACTION WELLS NC CONTACT .2. 475 3, 69 IN R 
LD:AD ALARMS NO CONTACT . 6. 98 11,18 IN R 

EW3 FTS TACC SEC LD:EXTRACTION WELLS DIV DINT .2.474 171,61 OUT w - - -
EW3 FTS TON LD:EXTRACTION WELLS TON FBI 2 464 98,, 61 Q w 

LD:EXTRACTION WELLS NO CONTACT .2.470 3, 6 6 IN R 
EW3 FTS TPRE SEC LD:EXTRACTION WELLS MUL DINT .2.466 501 64 INl R - - -
EW3 GAL PER SECOND LD:EXTRACTION WELLS ADD REAL .2.306 901 196 INl R - - -

LD:EXTRACTION WELLS DIV REAL .2.308 51,191 OUT w 
EW3 ON LD:BAGFILTER SCALENT VGAC NO CONTACT . 3. 4 5 35,28 IN R - -

LD:EXTRACTION WELLS NO CONTACT . 2. 329 75,194 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.334 3,225 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.465 271 60 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.546 671 14 5 IN R 

EW3 PAH 134 LD:EXTRACTION WELLS COIL FBI 2 566 171,79 Q w --
LD:EXTRACTION WELLS NC CONTACT .2. 57 5 911 69 IN R 
LD:EXTRACTION WELLS NO CONTACT . 2. 592 3, 8 0 IN R 

0 LD:AD ALARMS NO CONTACT . 6.27 11,25 IN R 
EW3 PAH SP LD:EXTRACTION WELLS COMP DB FBI 2 565 82,76 IN2 R - -
EW3 PUMPSPEED FB LD:ANALOG SCALING FBI 1 61 61, 6 OUT w 

- - --
EW3 PUMPSPEED FB PARA LD:ANALOG SCALING FBI 1 61 421 7 PARA R - - --
EW3 PUMPSPEED RAW LD:ANALOG W INT REAL FBI 1 62 18, 6 IN R - -
EW3 PUMP DISCHARGE FLOW LD:EXTRACTION WELLS DIV REAL .2.308 34,191 INl R - - -

LD:EXTRACTION WELLS ADD REAL .2.534 10,149 IN3 R 
LD:ANALOG SCALING FBI 1 80 611 94 OUT w --

EW3 PUMP DISCHARGE FLOW PARA LD:ANALOG SCALING FBI 1 80 421 95 PARA R - - - - --
EW3 PUMP DISCHARGE FLOW RAW LD:ANALOG W INT REAL FBI 1 7 9 181 94 IN R - - - -
EW3 PUMP DISCHARGE PRESSURE LD:EXTRACTION WELLS COMP DB FBI 2 565 82,75 INl R - - - --

LD:ANALOG SCALING FBI 1 78 611 88 OUT w --
EW3 PUMP DISCHARGE PRESSURE PARA LD:ANALOG SCALING FBI 1 78 42, 8 9 PARA R - - - - --
EW3 PUMP DISCHARGE PRESS RAW LD:ANALOG W INT REAL FBI 1 77 18, 88 IN R - - - -
EW3 PUMP ENABLED LD:EXTRACTION WELLS COIL FBI 2 460 171,56 Q w - -

LD:EXTRACTION WELLS NO CONTACT .2.463 3, 60 IN R 
EW3 PUMP FAILED STATUS LD:EXTRACTION WELLS NC CONTACT .2.476 11, 69 IN R - - -

LD:AD ALARMS NO CONTACT . 6. 3 11,8 IN R 
EW3 PUMP IN AUTO LD:EXTRACTION WELLS NO CONTACT . 2. 4 62 3, 56 IN R 

- -
LD:EXTRACTION WELLS NO CONTACT .2.480 511 6 9 IN R 

EW3 PUMP SPEED COMMAND LD:ANALOG REAL TO INT .1.109 69,160 OUT w - - - - -
EW3 PUMP SPEED COMMAND HMI LD:ANALOG SCALING FBI 1 107 18,160 IN R - - - - --
EW3 PUMP SPEED COMMAND PARA LD:ANALOG SCALING FBI 1 107 18, 161 PARA R - - - - --
EW3 READY LD:SHUTDOWN NO CONTACT .8.129 3, 96 IN R 

LD:EXTRACTION WELLS COIL FBI 2 478 171,69 Q w 
LD:EXTRACTION WELLS NO CONTACT .2.479 19, 56 IN R 

0 
EW3 WELL VAULT HIGHLEVEL ALARM LD:EXTRACTION WELLS NO CONTACT . 2. 527 271 69 IN R - - - -

LD:AD ALARMS NC CONTACT .6.91 11,13 IN R 
EW4 FLOW TIMER ACC LD:EXTRACTION WELLS TON FBI 2 312 50,208 ET w 

- - - --
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EW4 FLOW TIMER DN LD:EXTRACTION WELLS NO CONTACT .2.310 59,205 IN R - - -
LD:EXTRACTION WELLS TON FBI 2 312 50,207 Q w 
LD:EXTRACTION WELLS NC CONTACT .2. 313 11,206 IN R 

EW4_FQ LD:EXTRACTION WELLS ADD REAL .2. 311 107,207 OUT w 
LD:EXTRACTION WELLS ADD REAL .2.311 90,208 IN2 R 
LD:EXTRACTION WELLS ADD REAL .2.319 50,228 IN4 R 

EW4 FTS LD:EXTRACTION WELLS NC CONTACT .2.486 3,97 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.489 3,95 IN R 
LD:EXTRACTION WELLS COIL FBI 2 492 1711 94 Q w 
LD:AD ALARMS NO CONTACT . 6. 99 111 19 IN R 

EW4 FTS TACC SEC LD:EXTRACTION WELLS DIV DINT .2.487 171,89 OUT w 
EW4 FTS TON LD:EXTRACTION WELLS NO CONTACT . 2. 4 91 3,94 IN R 

LD:EXTRACTION WELLS TON FBI 2 497 98,89 Q w 
EW4 FTS TPRE SEC LD:EXTRACTION WELLS MUL DINT . 2. 4 95 50,92 INl R 

- - -
EW4 GAL PER SECOND LD:EXTRACTION WELLS DIV REAL .2.309 51,202 OUT w 

- - -
LD:EXTRACTION WELLS ADD REAL .2 .311 90' 207 IN1 R 

EW4 ON LD:BAGFILTER SCALENT VGAC NO CONTACT .3.46 35,29 IN R - -
LD:EXTRACTION WELLS NO CONTACT .2.330 75,205 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.335 3,226 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.496 27,88 IN R 
LD:EXTRACTION WELLS NO CONTACT .2. 547 67,146 IN R 

EW4 PAH 14 4 LD:EXTRACTION WELLS COIL FBI 2 573 171,106 Q 

LD:EXTRACTION WELLS NC CONTACT .2.576 911 97 IN 
LD:EXTRACTION WELLS NO CONTACT . 2. 595 3,107 IN 
LD:AD ALARMS NO CONTACT . 6. 28 11,26 IN R 

EW4 PAH SP LD:EXTRACTION WELLS COMP DB PBI 2 574 82,103 IN2 R 
EW4 PUMP DISCHARGE PLOW LD:EXTRACTION WELLS DIV REAL .2.309 34,202 INl R - - -

LD:EXTRACTION WELLS ADD REAL .2.534 1 Q 1 150 IN4 R 
LD:ANALOG SCALING PBI 1 95 61,104 OUT w 

EW4 PUMP DISCHARGE FLOW PARA LD:ANALOG SCALING FBI 1 85 42,105 PARA R 
- - - -

EW4 PUMP DISCHARGE PLOW RAW LD:ANALOG W !NT REAL FBI 1 86 18,104 IN R - - -
EW4 PUMP DISCHARGE PRESSURE LD:EXTRACTION WELLS COMP DB FBI 2 574 82, 102 IN1 R 

- - -
LD:ANALOG SCALING FBI 1 81 61, 99 OUT w 

EW4 PUMP DISCHARGE PRESSURE PARA LD:ANALOG SCALING PBI 1 81 42,100 PARA R - - - -
EW4 PUMP DISCHARGE PRESS RAW LD:ANALOG W INT REAL FBI 1 82 18, 99 IN R - - - -
EW4 PUMP ENABLED LD:EXTRACTION WELLS NO CONTACT . 2. 4 98 3,88 IN R 

LD:EXTRACTION WELLS COIL FBI 2 501 171,84 Q w 
EW4 PUMP FAILED STATUS LD:EXTRACTION WELLS NC CONTACT .2.485 11,97 IN R - - -

LD: AD ALARMS NO CONTACT .6.4 11,9 IN R 
EW4 PUMP IN AUTO LD:EXTRACTION WELLS NO CONTACT .2.481 51,97 IN R - - -

LD:EXTRACTION WELLS NO CONTACT .2.499 3,84 IN R 
EW4 READY LD:SHUTDOWN NO CONTACT . 8.130 3,97 IN R 

LD:EXTRACTION WELLS NO CONTACT .2.482 19, 84 IN R 
LD:EXTRACTION WELLS COIL PBI 2 483 171,97 Q w 

EW4 WELL VAULT HIGHLEVEL ALARM LD:EXTRACTION WELLS NO CONTACT .2.523 27 f 97 IN R - ~ - -
LD:AD ALARMS NC CONTACT .6.92 11,14 IN R 

EW5 PLOW TIMER ACC LD:EXTRACTION WELLS TON FBI 2 317 50,219 ET w - - -
EWS FLOW TIMER ON LD:EXTRACTION WELLS NO CONTACT .2.315 59,216 IN R - - -

LD:EXTRACTION WELLS TON PBI 2 317 50,218 Q 
LD:EXTRACTION WELLS NC CONTACT .2.318 11,217 IN 
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EWS_FQ LD:EXTRACTION WELLS ADD REAL .2.316 107,218 OUT w 
LD:EXTRACTION WELLS ADD REAL .2.316 90, 219 IN2 R 
LD:EXTRACTION WELLS ADD REAL .2.319 50,229 INS R 

EWS FTS LD:EXTRACTION WELLS COIL FBI 2 511 li1, 120 Q w --
LD:EXTRACTION WELLS NO CONTACT .2.514 3,121 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.517 3,123 IN R 
LD:AD ALARMS NO CONTACT . 6 .1 00 11,20 IN R 

EWS FTS TACC SEC LD:EXTRACTION WELLS DIV DINT .2.516 171,115 OUT w - - -
EWS FTS TDN LD:EXTRACTION WELLS TON FBI 2 506 98,115 Q w 

LD:EXTRACTION WELLS NO CONTACT .2.512 3, 120 IN R 
EWS FTS TPRE SEC LD:EXTRACTION WELLS MUL DINT .2.508 50,118 IN1 R 

- - -
EWS GAL PER SECOND LD:EXTRACTION WELLS DIV REAL .2.314 51' 213 OUT w - - -

LD:EXTRACTION WELLS ADD REAL .2.316 90,218 IN1 R 
EWS ON LD:BAGFILTER SCALENT VGAC NO CONTACT . 3. 4 7 35, 30 IN R - -

LD:EXTRACTION WELLS NO CONTACT .2.331 75,216 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.336 3,227 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.507 27,114 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.548 67,147 IN R 

EWS PAH 154 LD:EXTRACTION WELLS COIL FBI 2 578 171,132 Q w 
LD:EXTRACTION WELLS NC CONTACT .2.583 91,123 IN R 

• LD:EXTRACTION WELLS NO CONTACT .2.598 3,133 IN R 
LD:AD ALARMS NO CONTACT . 6. 30 11,27 IN R 

EWS PAH SP LD:EXTRACTION WELLS COMP DB FBI 2 577 82, 12 9 IN2 R 
EWS PUMP DISCHARGE FLOW LD:EXTRACTION WELLS DIV REAL . 2. 314 34, 213 IN1 R - - -

LD:EXTRACTION WELLS ADD REAL .2.534 10,151 INS R 
LD:ANALOG SCALING FBI 1 92 61,121 OUT w 

EW5 PUMP DISCHARGE FLOW PARA LD:ANALOG SCALING FBI 1 92 42, 122 PARA R 
- - - - --

EWS PUMP DISCHARGE FLOW RAW LD:ANALOG W INT REAL FBI 1 91 18, 121 IN R 
- - - - --

EWS PUMP DISCHARGE PRESSURE LD:EXTRACTION WELLS COMP DB FBI 2 577 82,128 IN1 R - - - --
LD:ANALOG SCALING FBI 1 90 61,116 OUT w --

EWS PUMP DISCHARGE PRESS PARA LD:ANALOG SCALING FBI 1 90 42,117 PARA R 
- - - - --

EWS PUMP DISCHARGE PRESS RAW LD:ANALOG W INT REAL FBI 1 89 18,116 IN R - - - - --
EWS PUMP ENABLED LD:EXTRACTION WELLS COIL FBI 2 502 171,110 Q w 

LD:EXTRACTION WELLS NO CONTACT .2.505 3,114 IN R 
EWS PUMP FAILED STATUS LD:EXTRACTION WELLS NC CONTACT .2.518 11, 123 IN R 

- - -
LD:AD ALARMS NO CONTACT . 6. 6 11, 10 IN R 

EWS PUMP IN AUTO LD:EXTRACTION WELLS NO CONTACT .2.504 3, 110 IN R 
- - -

LD:EXTRACTION WELLS NO CONTACT . 2. 522 51, 123 IN R 
EWS READY LD:SHUTDOWN NO CONTACT . 8.131 3, 98 IN R 

LD:EXTRACTION WELLS COIL FBI 2 520 171,123 Q w --
LD:EXTRACTION WELLS NO CONTACT .2.521 19, 110 IN R 

EWS WELL VAULT HIGHLEVEL ALARM LD:EXTRACTION WELLS NO CONTACT .2.529 27, 123 IN R - - - -
LD:AD ALARMS NC CONTACT .6.93 11, 15 IN R 

EW READY LD:SHUTDOWN NC CONTACT . 8.117 3, 7 IN R 
LD:SHUTDOWN COIL FBI 8 126 91, 94 Q w --

EXCESSIVE FLOW ALARM LD:SHUTDOWN COIL FBI 8 15 99, 50 Q w 
LD:SHUTDOWN NO CONTACT . 8.16 3,51 IN R 

• LD:SHUTDOWN NO CONTACT .8.22 3,2 IN R 
LD:DISCHARGE WETWELL AND > NC CONTACT . 5. 307 27,9 IN R 

- - -
PUMP 
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LD:AD AL.l\RMS NO CONTACT .6.83 11,56 IN R 
EXCESSIVE FLOI~ TIMER ACC LD:SHUTDOWN TON FBI 8 98,48 ET w - - -
EXCESSIVE FLOW TIMER DN LD:SHUTDOWN NO CONTACT .8.17 3,50 IN R - - -

LD:SHUTDOWN TON FBI 8 18 98,47 Q w 
GTP SHUTDOWN LD:SHUTDOWN COIL FBI 8 3 9 9, 1 Q w 

LD:SHUTDOWN NO CONTACT . 8. 69 3120 IN R 
LD:AIR STRIPPER NO CONTACT .4.163 3138 IN R 
LD:EXTRACTION WELLS NC CONTACT . 2. 345 35,1 IN R 
LD:EXTRACTION WELLS NC CONTACT . 2.458 35,28 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.461 35156 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.500 35184 IN R 
LD:EXTRACTION WELLS NC CONTACT .2.503 351110 IN R 

GTP SHUTDOWN PB LD: OH RESET COIL 7 21 99122 Q w - -
LD:SYS OH NO CONTACT .7.23 3123 IN R 
LD:SHUTDOWN NO CONTACT .8.72 3119 IN R 

GTP START PB LD:SYS OH NO CONTACT .7.15 3120 IN R 
LD: SYS OH RESET COIL FBI 7 17 99,19 Q w 
LD:SHUTDOWN NC CONTACT .8.73 35,20 IN R 

HMI BFl DIFF PRESS ALARM LD:BAGFILTER SCALENT VGAC NO CONTACT . 3.112 ll 1 19 IN R - - - - - -
LD:BAGFILTER SCALENT VGAC COIL FBI 3 116 7 51 18 Q w - -
LD: AD ALARMS NO CONTACT . 6. 4 7 11129 IN R 

HMI BF2 DIFF PRESS ALARM LD:BAGFILTER SCALENT VGAC NO CONTACT . 3.113 11,23 IN - - - -
LD:BAGFILTER SCALENT VGAC COIL FBI 3 117 7 5,22 Q - -
LD: AD ALARMS NO CONTACT . 6. 46 11130 IN 

INF FLOW SUM LD:EXTRACTION WELLS DIV REAL .2.532 421147 IN1 R 
LD:EXTRACTION WELLS ADD REAL .2.534 271 14 7 OUT w 

INF_FQ LD:EXTRACTION WELLS MOVE .2.531 981161 OUT w 
INF_FQ_LEQ_TH LD:EXTRACTION WELLS TOTALIZER 1171147 OUT w 
INF TOT INFO.outc LD:EXTRACTION WELLS MOVE .2.531 82,161 IN R 

LD:EXTRACTION WELLS TOTAL:ZER FBI 2 533 117,148 INFO w 
INF TOT MODE LD:EXTRACTION WELLS TOTALIZER FBI 2 533 981148 MODE R 
INF TOT PARA LD:EXTRACTION WELLS TOTALIZER FBI 2 533 981149 PARA R 
INF TOT STAT LD:EXTRACTION WELLS TOTALIZER FBI 2 533 1171149 STATUS w 
~NF TOT TRI LD:EXTRACTION WELLS TOTALIZER FBI 2 533 981150 TR I R 
INF TOT TRS LD: SYS OH RESET COIL 7 32 99128 Q w 

LD:SYS OH NO CONTACT .7.34 3,29 IN R 
LD:EXTRACTION WELLS NO CONTACT .2.530 3,152 IN R 

NEW DAY HOLDER LD: SYS OH COIL FBI 7 2 99,3 Q w 
LD: SYS OH NO CONTACT . 7. 4 312 IN R 

NEW DAY PULSE LD:SYS OH COIL FBI 1 9 9917 Q w 
LD: OH NC CONTACT .7.30 19,7 IN R 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .1!">.3 5,6 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.6 5121 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.9 5136 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.12 5,51 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.15 5166 IN1 - - -
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AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15 .18 5' 81 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.21 80, 6 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.24 80,21 INl R 

- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15 .27 80, 36 INl R 

- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.30 80' 51 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.33 8 0' 66 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.36 80' 81 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL . 15. 3 9 155,6 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.42 155' 21 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15. 4 5 155,36 INl R - - -
AGE 01 • FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.48 155,51 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.51 155,66 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.54 155' 81 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL . 15. 57 230,6 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.60 230,21 INl R 

- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.63 230,36 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.66 230,51 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.69 230,66 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15. 72 230,81 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.75 5' 106 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.78 5' 121 INl R 

- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.81 5,136 INl R 

- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.84 5,151 INl R - - -
AGE 01 

• FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.87 5, 166 INl R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.90 5' 181 INl R - - -
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AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.93 80,106 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.96 80,121 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.99 80,136 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.102 80,151 IN1 R 

- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.105 80,166 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.108 80,181 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.111 155,106 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.114 155,121 IN1 R - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.117 155,136 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.120 155,151 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.123 155,166 IN1 -- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.126 155,181 IN1 - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.129 230,106 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.132 230,121 IN1 R - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.135 230,136 IN1 R - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.138 230,15: IN1 R 

- - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.141 230,166 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.144 230,181 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.147 5,206 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.150 5,221 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.153 80,206 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.156 80,221 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.159 155,206 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.162 155,221 INl R - - - I. AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.165 230,206 IN1 - - -
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AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .15.168 230,221 IN1 R - - -
AGE 01 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.3 5, 6 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.6 5,21 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.9 5,36 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.12 5,51 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.15 5, 66 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.18 5,81 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16. 21 80, 6 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.24 80,21 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.27 80,36 IN1 R - - -
AGE 02 

0 FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.30 80,51 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.33 8 01 66 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.36 8 01 81 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.39 155, 6 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.42 155, 21 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.45 155,36 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.48 155,51 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.51 155,66 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.54 155, 81 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.57 230,6 IN1 R 

- - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.60 2 301 21 IN1 R 

- - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.63 230,36 IN1 R 

- - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.66 230,51 IN1 R - - -
AGE 02 

~ 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.69 230,66 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16. 72 230,81 IN1 R - - -
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AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND 800L .16.7J 5,106 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.78 5,121 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.81 5,136 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND 800L .16.84 5,151 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.87 5, 166 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.90 5,181 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16. 93 80,106 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.96 80,121 IN1 R - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.99 80,136 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.102 80,151 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND 800L .16.105 80,166 INl -- - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND 800L .16.108 80,181 IN1 - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.111 155,106 IN1 R - - -
AGE 02 
F8D:DAILY FLOW TOTAL STOR> AND BOOL .16.114 155,121 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.117 155, 136 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.120 155,151 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.123 155,166 IN1 R - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.126 155,181 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.129 230,106 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.132 230,121 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.135 230,136 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND 800L .16.138 230,151 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.141 230,166 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.144 230,181 IN1 R - - -

• AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.147 5,206 IN1 - - -
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AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.150 5,221 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.153 80,206 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.156 80,221 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.159 155,206 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.162 155,221 INl R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.165 230,206 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .16.168 230,221 IN1 R - - -
AGE 02 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17. 3 5, 6 IN1 R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17. 6 5, 21 INl R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.9 5, 36 IN1 R - - -
AGE 03 

• FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.12 5,51 IN1 R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.15 5, 66 IN1 R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.18 5, 81 INl R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17 .21 80, 6 INl R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.24 80,21 IN1 R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.27 80,36 IN1 R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.30 80, 51 IN1 R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.33 80, 66 INl R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> AND BOOL .17.36 80' 81 INl R - - -
AGE 03 
FBD:DAILY FLOW TOTAL STOR> REAL TO DINT .17. 37 79, 94 EN R - - - - -
AGE 03 
LD:SHUTDOWN NC CONTACT . 8. 4 19, 39 IN R 
LD:SHUTDOWN NO CONTACT . 8.11 3,32 IN R 
LD:SHUTDOWN NO CONTACT . 8 .154 3,22 IN R 

NEW DAY PULSE HMI LD:SYS OH NO CONTACT . 7 .1 3, 3 IN R - - -
LD:SYS OH RESET COIL FBI 7 5 99,2 Q w --
LD:SYS OH NC CONTACT . 7. 7 3, 7 IN R 

• LD: SYS OH NO CONTACT .7.12 3,15 IN R 
ONE DAY TACC LD:SYS OH TON FBI 7 6 66, 9 ET w 
TREATMENT DISCHARGE FLOW LD:SHUTDOWN DIV REAL .8.10 34, 2 9 INl R - -
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LD:SHUTDOWN GE REAL .8.19 10, 4 7 INl R 
LD:DISCHARGE WETWELL AND > DIV REAL .5.343 34, 4 8 INl R 

- - -
PUMP 
LD:ANALOG SCALING FBI 1 54 61,27 OUT w 

--
TREATMENT DISCHARGE FLOW PARA LD:ANALOG SCALING FBI 1 54 42,28 PARA R 

- - - --
TREATMENT DISCHARGE FLOW RAW LD:DISCHARGE WETWELL AND > W INT REAL FBI 5 357 18, 63 IN R 

- - - - - - --
PUMP 
LD:ANALOG W INT REAL FBI 1 53 18,27 IN R 

TREATMENT DISCHARGE TOTAL LD:DISCHARGE WETWELL AND > MOVE .5.344 98, 56 OUT w - - - - -
PUMP 

UPS FAIL LD:SHUTDOWN NC CONTACT .8.140 3,13 IN R 
VGAC DIFFERENTIAL PRESSURE LD:BAGFILTER SCALENT VGAC COMP DB FBI 3 59 10, 37 INl R 

- - - - --
LD:ANALOG SCALING FBI 1 68 61, 4 6 OUT w 

VGAC DIFFERENTIAL PRESSURE PARA LD:ANALOG SCALING FBI 1 68 42, 47 PARA R 
- - - --

VGAC DIFFERENTIAL PRESSURE RAW LD:ANALOG W INT REAL FBI 1 67 18, 4 6 IN R 
- - - --

VGAC DIFFERENTIAL TIMER ACC LD:BAGFILTER SCALENT VGAC TON FBI 3 64 7 4, 4 6 ET w - - - - - --
VGAC DIFFERENTIAL TIMER DN LD:BAGFILTER SCALENT VGAC TON FBI 3 64 82, 45 Q w - - - - -

LD:BAGFILTER SCALENT VGAC NO CONTACT .3.72 11,53 IN R - -
VGAC DISCHARGE TEMPERATURE LD:BAGFILTER SCALENT VGAC COMP DB FBI 3 58 58,37 INl R 

- - - - --
LD:ANALOG SCALING FBI 1 65 61, 52 OUT w 

VGAC DISCHARGE TEMPERATURE PARA LD:ANALOG SCALING FBI 1 65 42, 53 PARA R 
- - - --

VGAC DISCHARGE TEMPERATURE RAW LD:ANALOG W INT REAL FBI 1 66 18, 52 IN -- - - --
VGAC DISCHARGE TEMP TIMER ACC LD:BAGFILTER SCALENT VGAC TON FBI 3 63 7 4, 51 ET - - - - - - --
VGAC DISCHARGE TEMP TIMER DN LD:BAGFILTER SCALENT VGAC TON FBI 3 63 82, 50 Q - - - - - - --

LD:BAGFILTER SCALENT VGAC NO CONTACT . 3.119 11,57 IN R - -
VGAC HIGH DIFF PRESS ALARM LD:SHUTDOWN NO CONTACT .8.149 3, 15 IN R 

- - - -
LD:BAGFILTER SCALENT VGAC COIL FBI 3 98 75,53 Q w 

- - --
LD:BAGFILTER SCALENT VGAC NO CONTACT . 3.100 11,54 IN R 

- -
LD:AD ALARMS NO CONTACT .6.68 11, 42 IN R 

VGAC HIGH DISC TEMP ALARM LD:SHUTDOWN NO CONTACT .8.150 3, 16 IN R 
- - - -

LD:BAGFILTER SCALENT VGAC NO CONTACT .3.120 11,58 IN R 
- -

LD:BAGFILTER SCALENT VGAC COIL FBI 3 108 7 5, 57 Q w 
- - --

LD: AD ALARMS NO CONTACT . 6. 73 11,46 IN R 
VGAC PDAH SP LD:BAGFILTER SCALENT VGAC COMP DB FBI 3 59 10, 38 IN2 R - - --
VGAC TAH SP LD:BAGFILTER SCALENT VGAC COMP DB FBI 3 58 58' 38 IN2 R 

- - --

• 
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Ox 10, 1EC[rw] 10, 1EC[rw] 10,1EC[rw] 10, 1EC[rw] 10,1EC[rw] 10, 1EC[w] 10,1EC[rw] 10, 1EC[rw] 10, 1EC[w] 
000010 10 10 10 10 · 10 10 10 10, 1EC [w] 10, 1EC [w] 10 
000020 10, 1EC[w] 10, 1EC [w] 10, 1EC [w] 10, 1EC[w] 10, 1EC [w] 10, 1EC [w] 10,1EC[w] 10, 1EC[w] 10, 1EC [w] 10,1EC[w] 
000030 10, 1EC [w] 10, 1EC [w] 10,1EC[w] - - - - - - -
000040 - - - - - - - - - -
000050 - - - - - - - - - -
000060 - - - - - - - - - -
000070 - - - - - - - - - -
000080 - - - - - - - - - -
000090 - - - - - - - - - -
000100 - - - - - - - - - -
000110 - - - - - - - - - -
000120 - - - - - - - - - -
000130 - - - - - - - - - -
000140 - - - - - - - - - -
000150 - - - - - - - - - -
000160 - - - - - - - - - -
000170 - - - - - - - - - -
000180 - - - - - - - - - -
000190 - - - - - - - - - -
000200 - 1EC[rw] - - - - - - - -
000210 - - - - - - - - - -

0 000220 - - - - - - - - - -
000230 - - - - - - - - - -
000240 - - - - - - - - - -
000250 - - - - - - - - - -
000260 - - - - - - - - - -
000270 - - - - - - - - - -
000280 - - - - - - - - - -
000290 - - - - - - - - - -
000300 - 1EC [rw] 1EC[rw] 1EC[rw] 1EC[rw] IEC [ rw] - - - -
000310 - - - - - - - - - -
000320 - - - - - - - - - -
000330 - - - - - - - - - -
000340 - - - - - - - - - -
000350 - - - - - - - - - -
000360 - - - - - - - - - -
000370 - - - - - - - - - -
000380 - - - - - - - - - -
000390 - - - - - - - - - -
000400 - - - - - - - - - -
000410 - - - - - - - - - -
000420 - - - - - - - - - -
000430 - - - - - - - - - -
000440 - - - - - - - - - -
000450 - - - - - - - - - -
000460 - - - - - - - - - -
000470 - - - - - - - - - -

0 
000480 - - - - - - - - - -
000490 - - - - - - - - - -
000500 - 1EC [rw] 1EC [rw] 1EC [ rw] 1EC [ rw] 1EC [rw] IEC [rw] - - -
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000510 - - - - - - - - - -
000520 - - - - - - - - -
000530 - - - - - - - - - -
000540 - - - - - - - - -
000550 - - - - - - - - - -
000560 - - - - - - - - - -
000570 - - - - - - - - - -
000580 - - - - - - - - -
000590 - - - - - - - - - -
000600 - IEC[r] - - - - VAR VAR IEC[rw] IEC[rw] 
000610 IEC[rw] IEC [rw] IEC[r] VAR IECirw] IEC[rw] IECir] VAR IEC[rw] IEC [ rw] 
000620 IEC[rw] IECirw] IEC [rw] IEC [rw] IEC[rw] IEC [ rw] IEC[rw] VAR IEC[r] IEC[rw] 
000630 IEC I rw] IEC[r] VAR IEC[rw] - IEC[rw) IEC[rw] IEC[rw] IEC lrw] IEC[rw] 
000640 IEC[rw] IEC[rw] IEC [rw] IEC[rw) IEC[rw] VAR IEC [rw] VAR IEC I rw] IEC[rw) 
000650 IEC[rw] IEC[rw] IECirw] IEC[rw] IEC[rw) IECirw] IEC[rw] IEC[rw] IEC I rw] IEC[r) 
000660 IECirw) IEC[rw) VAR IEC [rw) IEC[rw] IEC[rw) IEC [rw] IECirw) IE:c [rw] IEC[rw) 
000670 IEC[rw] IEC[rw] IEC[rw) IEC[rw) IEC [ rw] IEC[rw) IEC [rw) VAR IECirw] IEC[rw] 
000680 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] ~EC[rw) IEC[rw] IEC[rw] IEC[rw] 
000690 VAR IEC[rw] IEC[rw] IEC[rw) IEC[rw] IEC [rw] IEC[rw] VAR VAR IEC[rw] 
000700 IEC [r] IEC[rw] IEC[w] IEC [ rw] - - - - - -
000710 - - - - - - - - - -
000720 - - - - - - - - - -
000730 - - - - - - - - - -
000740 - - - - - - - - - -
000750 - - - - - - - - - -
000760 - - - - - - - - - -
000770 - - - - - - - - - -
000780 - - - - - - - - - -
000790 - - - - - - - - - -
000800 - - - - - - - - - -
000810 - - - - - - - - - -
000820 - - - - - - - - - -
000830 - - - - - - - - - -
000840 - - - - - - - - - -
000850 - - - - - - - - - -
000860 - - - - - - - - - -
000870 - - - - - - - - - -
000880 - - - - - - - - - -
000890 - - - - - - - - - -
000900 - - - - - - - - - -
000910 - - - - - - - - - -
000920 - - - - - - - - - -
000930 - - - - - - - - - -
000940 - - - - - - - - - -
000950 - - - - - - - - - -
000960 - - - - - - - - - -
000970 - - - - - - - - - -
000980 - - - - - - - - - -
000990 - - - - - - - - - - • 001000 IEC[rw] IEC[rw] - IEC[rw] - - - - - -
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001010 - - - - - - - - - -
001020 - - - - - - - - - -
001030 - - - - - - - - - -
001040 - - - - - - - - - -
001050 - - - - - - - - - -
001060 - - - - - - - - - -
001070 - - - - - - - - - -
001080 - - - - - - - - - -
001090 - - - - - - - - - -
001100 - - - - - - - - - -
001110 - - - - - - - - - -
001120 - - - - - - - - - -
001130 - - - - - - - - - -
001140 - - - - - - - - - -
001150 - - - - - - - - - -

001160 - - - - - - - - - -
001170 - - - - - - - - - -
001180 - - - - - - - - - -
001190 - - - - - - - - - -
001200 - - - - - - - - - -
001210 - - - - - - - - - -

• 001220 - - - - - - - - - -
001230 - - - - - - - - - -
001240 - - - - - - - - - -
001250 - - - - - - - - - -
001260 - - - - - - - - - -
001270 - - - - - - - - - -
001280 - - - - - - - - - -
001290 - - - - - - - - - -
001300 - - - - - - - - - -
001310 - - - - - - - - - -
001320 - - - - - - - - - -
001330 - - - - - - - - - -
001340 - - - - - - - - - -

001350 - - - - - - - - - -
001360 - - - - - - - - - -
001370 - - - - - - - - - -
001380 - - - - - - - - - -
001390 - - - - - - - - - -
0014 00 - - - - - - - - - -
001410 - - - - - - - - - -
001420 - - - - - - - - - -
0014 30 - - - - - - - - - -
001440 - - - - - - - - - -
001450 - - - - - - - - - -
0014 60 - - - - - - - - - -
001470 - - - - - - - - - -

• 001480 - - - - - - - - - -
001490 - - - - - - - - - -
001500 - IEC [ rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] - - - -
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001510 - - - - - - - - - -
001520 - - - - - - - - - -
001530 - - - - - - -

lx IO,IEC[r] IO, IEC[r] IO,IEC[r] IO, IEC [r] IO,IEC[r] IO, IEC [ r] IO, IEC [r] IO, IEC [r] IO,IEC[r] 

100010 IO, IEC [r] IO, IEC[r] IO,IEC[r] IO,IEC[r] IO,IEC[r] IO,IEC[r] IO,IEC[r] IO IO IO,IEC[r] 

100020 IO, IEC[r] IO, IEC[r] IO,IEC[r] IO,IEC[r] IO,IEC[r] IO,IEC[r] IO IO IO IO,IEC[r] 

100030 IO, IEC[r] IO, IEC[r] IO, IEC [ r] IO IO IO IO IO, IEC [r] IO IO 

100040 IO IO,IEC[r] IO, IEC[r] IO, IEC[r] IO,IEC[r] IO,IEC[r] IO, IEC[r] IO,IEC[r] IO,IEC[r] -
100050 - - - - - - - - - -
100060 - - - - - - - - - -
100070 - - - - - - - - - -
100080 - - - - - - - - - -
100090 - - - - - - - - - -
100100 - - - - - - - - - -
100110 - - - - - - - - - -
100120 - - - - - - - - - -
100130 - - - - - - - - - -
100140 - - - - - - - - - -
100150 - - - - - - - - - -
100160 - - - - - - - - - -
100170 - - - - - - - - - -
100180 - - - - - - - - - -
100190 - - - - - - - - - -
100200 - - - - - - - - - -
100210 - - - - - - - - - -
100220 - - - - - - - - - -
100230 - - - - - - - - - -
100240 - - - - - - - - - -
1002 50 - - - - - - - - - -
100260 - - - - - - - - - -
100270 - - - - - - - - - -
100280 - - - - - - - - - -
100290 - - - - - - - - - -
100300 - - - - - - - - - -
100310 - - - - - - - - - -
100320 - - - - - - - - - -
100330 - - - - - - - - - -
100340 - - - - - - - - - -
100350 - - - - - - - - - -
100360 - - - - - - - - - -
100370 - - - - - - - - - -
100380 - - - - - - - - - -
100390 - - - - - - - - - -
100400 - - - - - - - - - -
100410 - - - - - - - - - -
100420 - - - - - - - - - -
1004 30 - - - - - - - - - -
100440 - - - - - - - - - - • 100450 - - - - - - - - - -
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100460 - - - - - - - - - -
100470 - - - - - - - - - -
100480 - - - - - - - - - -
100490 - - - - - - - - - -
100500 - - - - - - - - - -
100510 - - -

3x 10, 1EC[r] 10 10,1EC[r] 10, 1EC [ r] 10,1EC[r] 10,1EC[r] 10, 1EC[r] 10, 1EC[r] 10, 1EC[r] 
300010 10, 1EC [r] 10,1EC[r] 10,1EC[r] 10, 1EC[r] 10, 1EC [ r] 10,1EC[r] 10, 1EC [r] 10,1EC[r] 10,1EC[r] 10,1EC[r] 
300020 10, 1EC[r] 10, 1EC [ r] 10,1EC[r] 10, 1EC[r] 10, 1EC [r] 10 10 10 10 10 
300030 10 10 10 - - - - - - -
300040 - - - - - - - - -

4x 10 10, 1EC [w] 10,1EC[w] 10, IEC [w] 10 - - - 10 
400010 10 10 10 10 10 10 10 10 10 10 
400020 10 10 10 10 10 10 10 10 10 10 
400030 10 10 10 10 10 10 10 10 10 10 
400040 10 - - - - - - - - -
400050 CFG CFG CFG CFG CFG CFG CFG CFG - -
4 000 60 - - - - - - - - - -
400070 - - - - - - - - - -

~ 400080 - - - - - - - - - -
400090 CFG - - - - - - - - -
4 00100 1EC [w] 1EC[w] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 
4 00110 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[w] 1EC [w] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 
400120 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 
400130 1EC [w] 1EC [w] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC [ rw] 1EC[rw] 1EC[rw] 
400140 1EC[rw] 1EC [ rw] 1EC[w] 1EC[w] 1EC [w] 1EC [w] VAR VAR VAR VAR 
400150 1EC[w] 1EC [w] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC [rw] 1EC[rw] 1EC[rw] 
400160 1EC [rw] 1EC [ rw] 1EC [ rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC[rw] 1EC [rw] 1EC[rw] 1EC[rw] 
400170 1EC[rw] 1EC[rw] 1EC [w] 1EC [w] - - - - - -
400180 - - - - - - - - - -
400190 - - - - - - - - - -
400200 - - - - 1EC [w] 1EC[w] 1EC[w] 1EC[w] 1EC [w] 1EC[w] 
400210 IEC[w] 1EC [w] 1EC[w] 1EC [w] 1EC[w] 1EC [w] 1EC[w] 1EC [w] 1EC[w] 1EC [w] 
400220 VAR VAR 1EC[w] 1EC [w] 1EC[w] 1EC [w] 1EC[w] 1EC [w] 1EC[w] IEC [w] 
400230 1EC[w] 1EC[w] 1EC[w] 1EC [w] - - - - - -
400240 - - - - - - - - - -
400250 - - - - - - - - - -
4 002 60 - - - - - - - - - -
4 0027 0 - - - - - - - - - -
400280 - - - - - - - - - -
400290 - - - - - - - - - -
400300 VAR VAR VAR VAR VAR VAR VAR VAR VAR VAR 
400310 VAR VAR VAR VAR VAR VAR VAR VAR - 1EC [r] 

400320 1EC [r] 1EC [r] 1EC[r] 1EC[r] 1EC[r] 1EC[r] 1EC[r] 1EC [r] 1EC[r] 1EC [r] 
400330 1EC[r] 1EC [r] 1EC [r] 1EC [r] 1EC [r] 1EC[r] 1EC[r] IEC [r] 1EC[r] 1EC [r] 

~ 
400340 1EC[r] IEC [r] 1EC[r] IEC [r] 1EC[r] 1EC[r] 1EC[r] 1EC [r] 1EC[r] 1EC [r] 
400350 1EC[r] 1EC[r] 1EC[r] IEC [r] 1EC[r] IEC[r] 1EC[r] IEC[r] 1EC [r] 1EC [r] 

400360 1EC[r] 1EC[r] 1EC[r] 1EC[r] 1EC[r] 1EC [r] 1EC[r] 1EC [r] 1EC[r] 1EC [r] 
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400370 IEC [r) IEC[r) IEC[r] IEC[r] IEC[r) IEC[r] IEC[r] IEC[r) IEC[r] IEC[r] 

400380 IEC[r] IEC[rj IEC[r] IEC [r] IEC[r] IEC [r] IEC[r] IEC[r) IEC[r] IEC[r] 

400390 IEC[r] IEC[r] IEC [r] IEC[rj IEC[r] IEC[r] IEC [r] IEC[r] IEC[r) IEC[r] 

400400 IEC[r] IEC [r] IEC[r] IEC[rj IEC[r) IEC[r] IEC [r] IEC [r] IEC[r] IEC[r] 

400410 IEC[r] IEC[r) IEC[ r) IEC[r) IEC[r] IEC[r] IEC[r] IEC [r) IEC[r) IEC[r] 

400420 IEC[r] IEC[r) IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] 

4 00430 IEC(r] IEC[r] IEC[r] IEC [r] IEC(r] IEC(r] IEC[r] IEC [r] IEC[r] IEC [r] 

400440 IEC[r] IEC[r] IEC[r] IEC [r] IEC[r] IEC[r] IEC[r] IEC [r] IEC[ r] IEC[r] 

400450 IEC(r) IEC[r] IEC(r] IEC[r] IEC(r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] 

400460 IEC[r] IEC[r] IEC [r] IEC[r] IEC[r] IEC[r] IEC [ r] IEC[r] IEC(r] IEC [r] 

400470 IEC[r] IEC[r] IEC [r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC [r] 

400480 IEC[ r] IEC[r] IEC [r] IEC[r] IEC[ r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] 

4 004 90 IEC [r] IEC[r] IEC[r] IEC [r] IEC[r] IEC(r] IEC [r] IEC[r] IEC [r] IEC[r] 

400500 IEC[r] IEC[r] IEC[r] IEC [r] IEC[r] IEC[r) IEC[r) IEC[r) IEC [r] IEC[r] 

400510 IEC[r] IEC[r] IEC[r] IEC [r] IEC [ r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] 

4 0052 0 IEC[r] IEC[r) IEC [ ( IEC[r] IEC [r) IEC[r] IEC[ r) IEC[r] IEC[r] IEC[r) 

400530 IEC[r) IEC[r] IEC[ r) IEC[r] IEC [r) IEC[r) IEC[r] IEC[r) IEC[r] IEC[r] 

4 0054 0 IEC[r) IEC[r] IEC(r] IEC[r] IEC[r) IEC [r] IEC[r) IEC[r] IEC[r] IEC [ r] 

400550 IEC[r] IEC[r] IEC( r] IEC;r] IEC[r] IEC[r] IEC [r) IEC[r) - IEC[r] 

400560 - - - - IEC[rw] IEC [ rw] IEC[rw] IEC[rw] - -
400570 - - - - - - - - - -
400580 - - - - - - - - - -
4 00590 - - - - - - - - - -
400600 - - - - - - - - - -
400610 - - - - - - - - - -
400620 - - - - - - - - - -
400630 - - - - - - - - - -
4 0064 0 - - - - - - - - - -
400650 - - - - - - - - - -

' 400660 - - - - - - - - - -
400670 - - - - - - - - - -
4 00680 - - - - - - - - - -
400690 - - - - - - - - - -
400700 - - - - - - - - - -
400710 - - - - - - - - - -
400720 - - - - - - - - - -
4 00730 - - - - - - - - - -
4 0074 0 - - - - - - - - - -
400750 - - - - - - - - - -
4 007 60 - - - - - - - - - -
4 00770 - - - - - - - - - -
400780 - - - - - - - - - -
400790 - - - - - - - - - -
400800 - - - - - - - - - -
400810 - - - - - - - - - -
4 0082 0 - - - - - - - - - -
4 00830 - - - - - - - - - -
400840 - - - - - - - - - -
400850 - - - - - - - - - - • 400860 - - - - - - - - - -
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400870 - - - - - - - - - -
400880 - - - - - - - - - -
400890 - - - - - - - - - -
400900 - IEC[r) IEC[r) IEC[r) IEC[r) IEC[r) IEC[r) - - -
400910 IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC[r] IEC [w] IEC [w] 
400920 IEC [r] IEC[r] IEC[r] IEC[r] IEC[r] IEC [r] IEC[w] IEC [w] IEC[w] IEC [w] 
400930 IEC[r] IEC[r] IEC[r] IEC [r] IEC [w] IEC [w] IEC[w] IEC [w] VAR VAR 
400940 IEC[r] IEC[r] IEC[w] - IEC [ rw] IEC[rw] VAR VAR VAR VAR 
400950 VAR VAR VAR - IEC[w] IEC[w] IEC [r] IEC[r] IEC[r] IEC [r] 
400960 IEC [w] IEC [w] IEC[r] IEC[r] IEC[w] IEC [w] IEC(w] IEC [w] VAR VAR 
400970 VAR VAR IEC[r] IEC[r] IEC[w] IEC [w] IEC[r] IEC[r] IEC[r] IEC[r] 
400980 IEC [r] IEC[r] IEC [r] IEC[r] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[w] IEC[w] 
400990 IEC [w] VAR VAR IEC[w] IEC[w] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[w] 
401000 IEC[r) IEC[r] IEC[r] IEC [r] IEC[r] IEC [r] IEC [r] IEC[r] IEC[rw] IEC[rw] 
401010 IEC [w] IEC [w] IEC [r] IEC[r] IEC[r] IEC [r] IEC [r] IEC[r] IEC[r] IEC[r] 
401020 IEC[r] IEC[r] IEC[r] IEC [r) IEC[r) IEC[r] IEC [w) IEC[w] IEC[r] IEC[r] 
401030 IEC[r) IEC[r] IEC [r] IEC [r] IEC [r) IEC[r] - - - -
401040 - - - - - - - - - -
401050 - - - - - - - - - -
401060 - - - - - - - - - -
401070 - - - - - - - - - -

0 401080 - - - - - - - - - -
401090 - - - - - - - - - -
401100 - - - - - - - - - -
401110 - - - - - - - - - -
4 01120 - - - - - - - - - -
4 01130 - - - - - - - - - -
401140 - - - - - - - - - -
4 01150 - - - - - - - - - -
401160 - - - - - - - - - -
401170 - - - - - - - - - -
4 01180 - - - - - - - - - -
401190 - - - - - - - - - -
401200 - - - - - - - - - -
4 01210 - - - - - - - - - -
401220 - - - - - - - - - -
4 01230 - - - - - - - - - -
401240 - - - - - - - - - -
401250 - - - - - - - - - -
401260 - - - - - - - - - -
401270 - - - - - - - - - -
401280 - - - - - - - - - -
401290 - - - - - - - - - -
401300 - - - - - - - - - -
401310 - - - - - - - - - -
4 0132 0 - - - - - - - - - -
401330 - - - - - - - - - -

0 
401340 - - - - - - - - - -
401350 - - - - - - - - - -
401360 - - - - - - - - - -
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401370 - - - - - - - - - -
4 0138 0 - - - - - - - - - -
401390 - - - - - - - - - -
401400 - - - - - - - - - -
401410 - - - - - - - - - -
401420 - - - - - - - - - -
401430 - - - - - - - - -
4 01440 - - - - - - - - - -
4 01450 - - - - - - - - - -
401460 - - - - - - - - - -
401470 - - - - - - - - - -
4014 80 - - - - - - - - - -
401490 - - - - - - - - - -
401500 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC [rw] IF.:C[rw] IEC[rw] 
401510 IEC[rw] IEC[rw] IEC [rw] IEC [ rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
4 01520 IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] 
401530 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [ rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
4 0154 0 IEC [rw] IEC [rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] 
401550 IEC[rw] IEC [rw] IEC [rw] IEC [rw] IEC [rw] IEC [rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] 
401560 IEC[rw] IEC[ rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
401570 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC [rw] 
401580 IEC[rw] IEC(rw] IEC[rw] IEC[rw] IEC [rw] IEC [rw] IEC(rw] IEC[rw] IEC[rw] IEC [rw] 
401590 IEC[rw] IEC[ rw} IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC(rw] IEC[rw} IEC [rw] IEC[rw] 
401600 IEC[rw] IEC[rw] IEC[rw] IEC [ rw] IE:c :rw] IEC[rw} IEC[rw] IEC[rw] IEC[rw] IEC [rw] 
401610 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] 
401620 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] 
401630 IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
401640 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [ rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
401650 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [ rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
401660 IEC[rw] IEC[rw] IEC[rw: IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
401670 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw~ 

401680 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
401690 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] 
401700 IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC [ rw] IEC[rw] IEC[rw] 
4 01710 IEC[rw] IE:C[rw] IEC[rw] IEC[rw] IE:C[rw] IEC[rw] IEC[rw] IE:C[rw] IEC [rw] IEC[rw] 
401720 IEC[rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC[rw] IEC [rw] IEC [rw) 
401730 IEC[rw] IEC [rw] IEC [rw] IEC[rw] IEC[rw] IEC[rw) IEC [ rw] IEC [rw] IEC [ rw] IEC[rw] 
401740 IE:C[rw] IEC [ rw] IEC[rw] IEC[rw] IEC [rw) IEC[rw] IEC[rw) IEC[rw] IEC[rw] IEC [rw] 
401750 - - - - - - - - - -
401760 - - - - - - - - - -
401770 - - - - - - - - - -
401780 - - - - - - - - - -
401790 - - - - - - - - - -
401800 - - - - - - - - - -
401810 - - - - - - - - - -
401820 - - - - - - - - - -
401830 - - - - - - - - - -
401840 - - - - - - - - - -
401850 - - - - - - - - - - • 401860 - - - - - - - - - -
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401870 - - -

0 

0 
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Execution order • Order Section name Section descr1pt1on 

1 SYS OH 
2 DAILY FLOW TOTAL STORAGE 01 - - - -
3 DAILY FLOW TOTAL STORAGE 02 - ~ - -
4 DAILY FLOW TOTAL STORAGE 03 - - - -
5 SHUTDOWN 
6 DISCHARGE WETWELL AND PUMP - - -
7 AIR STRIPPER 
8 BAGFILTER SCALENT VGAC - -
9 EXTRACTION WELLS 

10 ANALOG 
11 AD ALARMS 

• 

• 
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• E F B u s age 

Name Version Kind EFB Librar; Used in section Instance at 

NO CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD SYS OH . 7 .1 3, 3 
SYS OH . 7. 4 3,2 
SYS OH .7.12 3, 15 
SYS OH .7.15 3,20 
SYS OH . 7 .16 3, 19 
SYS OH .7.22 3,22 
SYS OH .7.23 3,23 
SYS OH .7.24 3,26 
SYS OH .7.25 3, 25 
SYS OH .7.33 3,28 
SYS OH .7.34 3,29 
SYS OH .7.37 3,31 
SYS OH .7.38 3,32 
SHUTDOWN . 8. 6 3,39 
SHUTDOWN . 8. 8 3,38 
SHUTDOWN . 8.11 3,32 
SHUTDOWN . 8 .16 3, 51 
SHUTDOWN . 8 .17 3,50 
SHUTDOWN . 8. 2 0 3, 1 
SHUTDOWN . 8. 22 3,2 
SHUTDOWN . 8. 2 4 3, 3 
SHUTDOWN . 8. 32 3,63 

• SHUTDOWN . 8. 33 3,62 
SHUTDOWN . 8. 34 3, 4 
SHUTDOWN .8.35 3, 6 
SHUTDOWN .8.69 3,20 
SHUTDOWN . 8. 72 3, 19 
SHUTDOWN . 8. 94 3, 9 
SHUTDOWN .8.95 3, 10 
SHUTDOWN .8.102 11' 90 
SHUTDOWN . 8.103 11' 86 
SHUTDOWN . 8 .1 04 11,89 
SHUTDOWN .8.105 11, 85 
SHUTDOWN .8.108 11,76 
SHUTDOWN .8.109 11, 81 
SHUTDOWN .8.120 3' 11 
SHUTDOWN . 8 .127 3, 94 
SHUTDOWN . 8 .12 8 3,95 
SHUTDOWN .8.129 3, 96 
SHUTDOWN . 8 .130 3, 97 
SHUTDOWN . 8.131 3, 98 
SHUTDOWN . 8 .138 3,14 
SHUTDOWN . 8.14 9 3, 15 
SHUTDOWN . 8.150 3' 16 
SHUTDOWN . 8 .154 3,22 
SHUTDOWN .8.155 19,22 
SHUTDOWN .8.160 3,33 
SHUTDOWN . 8 .162 3, 110 

• SHUTDOWN . 8 .164 3' 116 
SHUTDOWN . 8 .166 3, 119 
SHUTDOWN .8.170 3' 118 
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table continued .. 

E F B u s age 

Name Version Kind EFB Library Used in section Instance at 

NO CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD DISCHARGE WETWELL AND PUMP . 5.270 27, 6 
- - -

DISCHARGE WETWELL AND PUMP . 5.272 3, 6 
- - -

DISCHARGE WETWELL AND PUMP . 5.274 27,3 - - -
DISCHARGE WETWELL AND PUMP .5.275 3,3 

- - -
DISCHARGE WETWELL AND PUMP .5.277 3, 1 

- - -
DISCHARGE WETWELL AND PUMP . 5.279 3, 10 

- - -
DISCHARGE WETWELL AND PUMP .5.280 3, 9 

- - -
DISCHARGE WETWELL AND PUMP .5.283 11,25 

- - -
DISCHARGE WETWELL AND PUMP .5.285 11,24 

- - -
DISCHARGE WETWELL AND PUMP . 5. 290 3,37 

- - -
DISCHARGE WETWELL AND PUMP . 5. 291 19, 37 

- - -
DISCHARGE WETWELL AND PUMP .5.304 19,38 

- - -
DISCHARGE WETWELL AND PUMP .5.336 19, 14 

- - -
DISCHARGE WETWELL AND PUMP .5.337 3, 27 

- - -
DISCHARGE WETWELL AND PUMP .5.345 3, 51 

- - -
DISCHARGE WETWELL AND PUMP .5.347 3, 18 

- - -
DISCHARGE WETWELL AND PUMP .5.354 27,24 

- - -
AIR STRIPPER . 4 . 82 3, 0 
AIR STRIPPER . 4 . 84 3,2 
AIR STRIPPER . 4 . 85 27,2 
AIR STRIPPER . 4. 87 3, 5 
AIR STRIPPER . 4 . 89 27 
AIR STRIPPER . 4 . 93 3, 
AIR STRIPPER . 4. 94 3, 
AIR STRIPPER . 4 .1 01 3,20 
AIR STRIPPER . 4 .1 0 9 3, 52 
AIR STRIPPER . 4.110 3,53 
AIR STRIPPER . 4.113 3, 69 
AIR STRIPPER . 4 .12 5 3,25 
AIR STRIPPER . 4 .132 3, 34 
AIR STRIPPER . 4 .142 3,29 
AIR STRIPPER . 4 .14 5 3, 32 
AIR STRIPPER . 4 .150 3,35 
AIR STRIPPER . 4 .155 3, 71 
AIR STRIPPER . 4 .163 3, 38 
AIR STRIPPER . 4 .17 0 3,50 
AIR STRIPPER . 4 .17 5 3, 4 6 
AIR STRIPPER . 4 .18 0 11,57 
AIR STRIPPER . 4 .191 3, 62 
AIR STRIPPER . 4 .192 3, 70 
BAGFILTER SCALENT VGAC .3.22 11,18 

- -
BAGFILTER SCALENT VGAC .3.23 11,22 - -
BAGFILTER SCALENT VGAC .3.120 11,58 

- -
BAGFILTER SCALENT VGAC .3.30 11,10 - -
BAGFILTER SCALENT VGAC .3.31 11,15 

- -
BAGFILTER SCALENT VGAC . 3. 41 35,26 

- -
BAGFILTER SCALENT VGAC .3.44 35,27 

- -
BAGFILTER SCALENT VGAC . 3. 4 5 35,28 

- - :• BAGFILTER SCALENT VGAC .3.46 
- -

BAGFILTER SCALENT VGAC .3.47 - -
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NO CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD BAGFILTER SCALENT VGAC .3.61 11, 4 9 - -
BAGFILTER SCALENT VGAC .3.62 11, 4 4 - -
BAGFILTER SCALENT VGAC . 3. 72 11,53 

- -
BAGFILTER SCALENT VGAC .3.79 11,32 - -
BAGFILTER SCALENT VGAC . 3 .l 00 11, 54 - -
BAGFILTER SCALENT VGAC . 3.112 11, 19 - -
BAGFILTER SCALENT VGAC . 3.113 11,23 - -
BAGFILTER SCALENT VGAC . 3.119 11,57 

- -
BAGFILTER SCALENT VGAC .3.123 35,32 - -
EXTRACTION WELLS .2.282 43,168 
EXTRACTION WELLS . 2. 296 59,180 
EXTRACTION WELLS .2.307 59, 194 
EXTRACTION WELLS .2.310 59,205 
EXTRACTION WELLS .2.315 59, 216 
EXTRACTION WELLS .2. 327 671 168 
EXTRACTION WELLS .2.328 75,180 
EXTRACTION WELLS .2.329 75,194 
EXTRACTION WELLS .2.330 75,205 
EXTRACTION WELLS .2.331 75,216 
EXTRACTION WELLS .2.332 3,223 
EXTRACTION WELLS .2.333 3,224 

0 EXTRACTION WELLS .2.334 3, 225 
EXTRACTION WELLS .2.335 3, 226 
EXTRACTION WELLS .2.336 3,227 
EXTRACTION WELLS . 2. 34 6 3, 1 
EXTRACTION WELLS .2.347 3, 5 
EXTRACTION WELLS .2.365 3, 11 
EXTRACTION WELLS .2.367 3, 12 
EXTRACTION WELLS . 2. 4 35 19, 1 
EXTRACTION WELLS . 2. 4 38 67,14 
EXTRACTION WELLS .2.439 59, 41 
EXTRACTION WELLS . 2. 4 4 0 19,28 
EXTRACTION WELLS .2.447 3, 39 
EXTRACTION WELLS .2.449 3, 38 
EXTRACTION WELLS . 2. 4 56 3,32 
EXTRACTION WELLS . 2. 4 57 3,28 
EXTRACTION WELLS .2.462 3,56 
EXTRACTION WELLS .2.463 3, 60 
EXTRACTION WELLS .2.470 3, 66 
EXTRACTION WELLS .2. 472 3, 67 
EXTRACTION WELLS .2.479 19,56 
EXTRACTION WELLS .2.480 51, 69 
EXTRACTION WELLS .2.481 51, 97 
EXTRACTION WELLS .2.482 19,84 
EXTRACTION WELLS .2.489 3, 95 
EXTRACTION WELLS .2.491 3, 94 
EXTRACTION WELLS .2.498 3, BB 

0 
EXTRACTION WELLS .2.499 3, 84 
EXTRACTION WELLS .2.504 3,110 
EXTRACTION WELLS .2.505 3,114 
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NO CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD EXTRACTION WELLS .2.512 3, 12 0 

EXTRACTION WELLS .2. 514 3,121 
EXTRACTION WELLS .2 .521 19,110 

EXTRACTION WELLS .2.522 51,123 

EXTRACTION WELLS . 2. 523 27, 97 

EXTRACTION WELLS . 2. 525 35, 14 

EXTRACTION WELLS . 2. 526 35,41 
EXTRACTION WELLS .2.527 27, 69 
EXTRACTION WELLS . 2. 529 271 12 3 
EXTRACTION WELLS .2.530 3, 152 
EXTRACTION WELLS .2.544 67,143 
EXTRACTION WELLS . 2. 54 5 67,144 

EXTRACTION WELLS .2.546 67,145 

EXTRACTION WELLS . 2. 54 7 67,146 

EXTRACTION WELLS . 2. 54 8 67,147 

EXTRACTION WELLS .2.556 3,23 

EXTRACTION WELLS .2.559 3,51 

EXTRACTION WELLS . 2. 56 9 3, 79 

EXTRACTION WELLS .2.570 3, 10 6 

EXTRACTION WELLS . 2. 581 3, 132 

EXTRACTION WELLS .2.584 3, 2 4 

EXTRACTION WELLS . 2. 58 9 3, 

EXTRACTION WELLS .2.592 
EXTRACTION WELLS .2.595 3, 

EXTRACTION WELLS .2.598 3,133 

AD ALARMS . 6.1 11, 6 

AD ALARMS . 6. 2 11, 7 

AD ALARMS . 6. 3 11,8 

AD ALARMS . 6. 4 11, 9 

AD ALARMS . 6. 6 11, 10 

AD ALARMS . 6.25 11, 23 

AD ALARMS .6.26 11,24 

AD ALARMS . 6.27 11,25 

AD ALARMS . 6.28 11,26 

AD ALARMS .6.30 11,27 

AD ALARMS .6.46 11,30 

AD ALARMS .6.47 11, 2 9 

AD ALARMS .6.48 11, 32 
AD ALARMS . 6. 4 9 11,33 

AD ALARMS .6.57 11,35 
AD ALARMS . 6. 58 11,37 

AD ALARMS .6.62 11, 38 

AD ALARMS . 6. 64 11, 4 0 

AD ALARMS .6.68 11, 42 

AD ALARMS .6.71 11, 4 4 

AD ALARMS . 6. 73 11,46 

AD ALARMS . 6. 7 5 11,50 

AD ALARMS .6.79 11, 52 

AD ALARMS .6.83 

~-AD ALARMS .6.95 
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NO CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD AD ALARMS .6.97 11117 
AD ALARMS .6.98 11118 
AD ALARMS .6.99 11119 
AD ALARMS .6.100 11120 
AD ALARMS .6.102 11157 
AD ALARMS . 6.110 11151 

COIL 3/24/1997 14:20:55 FB IEC LAD SYS OH FBI 7 2 9913 --
SYS OH FBI 7 9 9917 - -
SYS OH FBI 7 19 99120 --
SYS OH FBI 7 20 99123 
SYS OH FBI 7 2 6 99126 --
SYS OH FBI 7 31 99129 --
SYS OH FBI 7 35 99' 32 --
SHUTDOWN FBI 8 3 991 1 --
SHUTDOWN FBI 8 7 991 38 - -
SHUTDOWN FBI 8 15 99150 
SHUTDOWN FBI 8 2 9 99162 --
SHUTDOWN FBI 8 96 911 89 --
SHUTDOWN FBI 8 97 911 8 5 --
SHUTDOWN FBI 8 126 911 94 - -
SHUTDOWN FBI 8 143 911106 --

0 SHUTDOWN FBI 8 157 99122 
SHUTDOWN FBI 8 165 911 118 --
DISCHARGE WETWELL AND PUMP FBI 5 271 91' 6 - - - --
DISCHARGE WETWELL AND PUMP FBI 5 273 911 3 - - - --
DISCHARGE WETWELL AND PUMP FBI 5 276 911 1 - - - --
DISCHARGE WETWELL AND PUMP FBI 5 293 91,37 - - -
DISCHARGE WETWELL AND PUMP FBI 5 295 911 4 0 - - - --
DISCHARGE WETWELL AND PUMP FBI 5 296 911 9 - - - --
DISCHARGE WETWELL AND PUMP FBI 5 333 91124 - - - --
DISCHARGE WETWELL AND PUMP FBI 5 340 91127 - - - --
DISCHARGE WETWELL AND PUMP FBI 5 359 99' 64 - - - --
AIR STRIPPER FBI 4 83 7510 - -
AIR STRIPPER FBI 4 86 7512 
AIR STRIPPER FBI 4 88 7 51 5 --
AIR STRIPPER FBI 4 103 8 31 50 --
AIR STRIPPER FBI 4 111 83152 --
AIR STRIPPER FBI 4 141 83128 
AIR STRIPPER FBI 4 149 83, 31 --
AIR STRIPPER FBI 4 154 83134 --
AIR STRIPPER FBI 4 159 831 69 
AIR STRIPPER FBI 4 167 59138 --
AIR STRIPPER FBI 4 178 83146 --
BAGFILTER SCALENT VGAC FBI 3 57 91,26 - -
BAGFILTER SCALENT VGAC FBI 3 98 751 53 - - --
BAGFILTER SCALENT VGAC FBI 3 108 75157 - - --
BAGFILTER SCALENT VGAC FBI 3 116 7 51 18 - - --

0 
BAGFILTER SCALENT VGAC FBI 3 117 75,22 - -
EXTRACTION WELLS FBI 2 339 1711 1 --
EXTRACTION WELLS FBI 2 364 171111 --
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COIL 3/24/1997 14:20:55 FB IEC LAD EXTRACTION WELLS FBI 2 434 171114 --
EXTRACTION WELLS FBI 2 441 171141 --
EXTRACTION WELLS FBI 2 450 1711 38 
EXTRACTION WELLS FBI 2 459 171128 --
EXTRACTION WELLS FBI 2 460 171156 - -
EXTRACTION WELLS FBI 2 469 171166 --
EXTRACTION WELLS FBI 2 478 171, 69 
EXTRACTION WELLS FBI 2 483 171197 --
EXTRACTION WELLS FBI 2 492 1711 94 --
EXTRACTION WELLS FBI 2 501 171184 --
EXTRACTION WELLS FBI 2 502 1711110 --
EXTRACTION WELLS FBI 2 511 1711120 
EXTRACTION WELLS FBI 2 520 1711123 

--
EXTRACTION WELLS FBI 2 553 171123 --
EXTRACTION WELLS FBI 2 555 171118 

--
EXTRACTION WELLS FBI 2 560 171146 

--
EXTRACTION WELLS FBI 2 562 171151 --
EXTRACTION WELLS FBI 2 566 171179 --
EXTRACTION WELLS FBI 2 568 171174 

--
EXTRACTION WELLS FBI 2 571 1711101 
EXTRACTION WELLS FBI 2 573 1711106 --
EXTRACTION WELLS FBI 2 578 171 
EXTRACTION WELLS FBI 2 580 17 

--
AD ALARMS FBI 6 5 1231 --
AD ALARMS FBI 6 2 9 123123 --
AD ALARMS FBI 6 41 123129 
AD ALARMS FBI 6 50 123132 --
AD ALARMS FBI 6 55 123135 --
AD ALARMS FBI 6 59 123137 --
AD ALARMS FBI 6 63 123140 --
AD ALARMS FBI 6 69 123142 --
AD ALARMS FBI 6 7 0 123144 --
AD ALARMS FBI 6 72 123146 
AD ALARMS FBI 6 74 123148 --
AD ALARMS FBI 6 77 123150 --
AD ALARMS FBI 6 78 123152 --
AD ALARMS FBI 6 81 123154 
AD ALARMS FBI 6 82 123156 --

RESET COIL 3/24/1997 14:20:55 FB IEC LAD SYS OH FBI 7 5 9912 --
SYS OH FBI 7 17 991 19 --
SYS OH FBI 7 21 99122 
SYS OH FBI 7 27 99125 --
SYS OH FBI 7 32 99128 --
SYS OH FBI 7 36 991 31 --

TON 3/24/1997 14:20:55 FB IEC SYS OH FBI 7 6 5915 
SHUTDOWN FBI 8 18 911 4 4 --
SHUTDOWN FBI 8 106 671 7 4 --
SHUTDOWN FBI 8 107 671 7 9 --

:~•1 
SHUTDOWN FBI 8 169 --
DISCHARGE WETWELL AND PUMP FBI 5 39 - - - --
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TON 3/24/1997 14:20:55 FB IEC DISCHARGE WETWELL AND PUMP FBI 5 348 51, 16 - - - --
AIR STRIPPER FBI 4 31 671 18 
AIR STRIPPER FBI 4 33 67,23 --
AIR STRIPPER FBI 4 55 7 5, 54 --
AIR STRIPPER FBI 4 164 51,36 --
AIR STRIPPER FBI 4 190 51, 60 --
BAGFILTER SCALENT VGAC FBI 3 17 6718 

- - --
BAGFILTER SCALENT VGAC FBI 3 19 67 1 13 - - --
BAGFILTER SCALENT VGAC FBI 3 63 671 4 7 - - --
BAGFILTER SCALENT VGAC FBI 3 64 67142 - - --
EXTRACTION WELLS FBI 2 280 27,167 --
EXTRACTION WELLS FBI 2 298 43,179 --
EXTRACTION WELLS FBI 2 305 43,193 
EXTRACTION WELLS FBI 2 312 43,204 --
EXTRACTION WELLS FBI 2 317 43,215 --
EXTRACTION WELLS p 91,3 
EXTRACTION WELLS FBI 2 455 91, 30 --
EXTRACTION WELLS FBI 2 464 91,58 --
EXTRACTION WELLS FBI 2 497 91, 8 6 
EXTRACTION WELLS FBI 2 506 91, 112 --
EXTRACTION WELLS FBI 2 554 155,16 

• EXTRACTION WELLS FBI 2 561 155,44 --
EXTRACTION WELLS FBI 2 567 155,72 --
EXTRACTION WELLS FBI 2 572 155,99 
EXTRACTION WELLS FBI 2 579 155,125 --

NC CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD SYS OH . 7. 7 3, 7 
SYS OH .7.30 19, 7 
SHUTDOWN . 8. 4 19, 39 
SHUTDOWN . 8 .14 19, 51 
SHUTDOWN .8.31 19, 63 
SHUTDOWN . 8. 7 3 35,20 
SHUTDOWN .8.100 271 90 
SHUTDOWN .8.101 271 8 6 
SHUTDOWN . 8.117 3, 7 
SHUTDOWN . 8.119 3, 8 
SHUTDOWN . 8.139 3, 12 
SHUTDOWN .8 .140 3, 13 
SHUTDOWN . 8.14 7 3, 108 
SHUTDOWN .8.158 19,20 
SHUTDOWN .8.159 3, 5 
SHUTDOWN .8.163 19,110 
SHUTDOWN .8.167 19,119 
DISCHARGE WETWELL AND PUMP .5.278 271 1 - - -
DISCHARGE WETWELL AND PUMP . 5. 292 671 37 - - -
DISCHARGE WETWELL AND PUMP . 5. 294 3, 40 

- - -
DISCHARGE WETWELL AND PUMP .5.298 19, 13 - - -
DISCHARGE WETWELL AND PUMP .5.307 27, 9 - - -

• DISCHARGE WETWELL AND PUMP .5.334 27,25 
- - -

DISCHARGE WETWELL AND PUMP .5.339 19,27 
- - -

DISCHARGE WETWELL AND PUMP .5.349 271 18 - - -
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NC CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD DISCHARGE WETWELL AND PUMP .5.355 11, 67 - - -
AIR STRIPPER . 4 .119 27,0 
AIR STRIPPER . 4 .122 11,56 
AIR STRIPPER . 4 .131 19, 50 
AIR STRIPPER . 4 .14 3 27,29 
AIR STRIPPER . 4 .14 6 27, 32 
AIR STRIPPER .4.151 27,35 
AIR STRIPPER .4.156 27,71 
AIR STRIPPER .4.176 19, 4 6 
AIR STRIPPER .4.189 27,62 
BAGFILTER SCALENT VGAC .3.121 35,58 - -
BAGFILTER SCALENT VGAC . 3. 73 59,26 

- -
BAGFILTER SCALENT VGAC .3.74 59,27 - -
BAGFILTER SCALENT VGAC .3.77 11,26 

- -
BAGFILTER SCALENT VGAC .3.101 35,54 - -
BAGFILTER SCALENT VGAC . 3.110 35,19 - -
BAGFILTER SCALENT VGAC . 3.111 35,23 - -
EXTRACTION WELLS .2.283 11,169 
EXTRACTION WELLS . 2. 299 11,181 
EXTRACTION WELLS .2.304 11, 195 
EXTRACTION WELLS .2. 313 11,206 
EXTRACTION WELLS .2.318 11 
EXTRACTION WELLS .2.345 35 
EXTRACTION WELLS .2.350 27, 
EXTRACTION WELLS .2.368 11, 12 
EXTRACTION WELLS .2. 427 3, 14 
EXTRACTION WELLS .2.428 11,14 
EXTRACTION WELLS . 2. 4 4 3 11,41 
EXTRACTION WELLS .2.444 3, 41 
EXTRACTION WELLS . 2. 4 4 6 11,39 
EXTRACTION WELLS .2.454 27,32 
EXTRACTION WELLS . 2.4 58 35,28 
EXTRACTION WELLS .2.461 35,56 
EXTRACTION WELLS .2.465 27,60 
EXTRACTION WELLS . 2. 473 11,67 
EXTRACTION WELLS .2.475 3,69 
EXTRACTION WELLS .2.476 11,69 
EXTRACTION WELLS .2.485 11,97 
EXTRACTION WELLS .2.486 3, 97 
EXTRACTION WELLS .2.488 11,95 
EXTRACTION WELLS .2.496 27,88 
EXTRACTION WELLS .2.500 35,84 
EXTRACTION WELLS .2.503 35,110 
EXTRACTION WELLS .2.507 271 114 
EXTRACTION WELLS .2.515 11, 121 
EXTRACTION WELLS .2.517 3,123 
EXTRACTION WELLS . 2. 518 11,123 
EXTRACTION WELLS .2.558 

::~ EXTRACTION WELLS .2.564 
EXTRACTION WELLS . 2. 57 5 
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NC CONTACT 3/24/1997 14:20:55 FUNCT IEC LAD EXTRACTION WELLS 0 2 0 576 911 97 
EXTRACTION WELLS .2.583 91,123 
EXTRACTION WELLS .2.585 19124 
EXTRACTION WELLS 0 2 0 58 8 191 52 
EXTRACTION WELLS .2.591 191 8 0 
EXTRACTION WELLS 0 2 0 594 191107 
EXTRACTION WELLS .2.597 191 133 
AD ALARMS .6.89 111 11 
AD ALARMS .6.90 111 12 
AD ALARMS .6.91 111 13 
AD ALARMS .6.92 111 14 
AD ALARMS .6.93 11115 
AD ALARMS .6.94 111 54 
AD ALARMS .6.109 111 4 8 

OR BOOL 3/24/1997 14:20:55 FUNCT IEC SYS OH 0 7 .11 971 9 
DAILY FLOW TOTAL STORAGE 01 .15.2 321 3 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.5 321 18 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.8 321 33 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.11 321 4 8 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.14 321 63 - - - -

• DAILY FLOW TOTAL STORAGE 01 .15.17 32178 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.20 10713 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.23 107118 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 2 6 107133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 2 9 107148 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 32 1071 63 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 35 107178 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 38 18213 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 41 1821 18 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 4 4 182133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.47 1821 4 8 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.50 182163 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.53 1821 7 8 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 56 2571 3 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.59 257118 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 62 257133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 0 65 257148 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.68 257163 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.71 257178 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.74 321103 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.77 321118 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.80 321133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.83 32 1 14 8 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.86 321163 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.89 321178 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.92 1071103 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.95 1071 118 - - - -

• DAILY FLOW TOTAL STORAGE 01 .15.98 1071133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.101 1071148 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.104 1071163 - - - -
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OR BOOL 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 01 .15.107 107,178 
- - - -

DAILY FLOW TOTAL STORAGE 01 .15.110 182,103 
- - - -

DAILY FLOW TOTAL STORAGE 01 .15.113 182,118 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.116 182,133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.119 182,148 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.122 182,163 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.125 182,178 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.128 257,103 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.131 257,118 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.134 257,133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.137 257,148 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.140 257,163 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.143 257,178 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.146 32,203 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.149 32, 218 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.152 107,203 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.155 107,218 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.158 182,203 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.161 182,218 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.164 257,203 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.167 257,218 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.2 32 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.5 32 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 8 32, - - - -
DAILY FLOW TOTAL STORAGE 02 .16 .11 32,48 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.14 32, 63 - - - -
DAILY FLOW TOTAL STORAGE 02 .16 .17 32,78 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.20 107, 3 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 23 107, 18 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 26 107,33 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.29 107, 4 8 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 32 107,63 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.35 107,78 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 38 182,3 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 41 182,18 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 4 4 182,33 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 47 182,48 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.50 182,63 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.53 182,78 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.56 257,3 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.59 257,18 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.62 257,33 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.65 257,48 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.68 257,63 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.71 257,78 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.74 32, 103 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.77 32, 118 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.80 

l~~ 
- - - -

DAILY FLOW TOTAL STORAGE 02 .16.83 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.86 - - - -
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OR BOOL 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 02 .16.89 321178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 92 1071103 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.95 1071 118 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.98 1071133 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.101 1071148 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.104 1071163 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.107 1071178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.110 1821103 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.113 1821118 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.116 1821133 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.119 1821148 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.122 1821163 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.125 1821178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.128 2571103 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.131 2571118 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.134 2571133 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.137 2571148 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.140 2571163 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.143 2571178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.146 321203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.149 32 1 218 

• - - - -
DAILY FLOW TOTAL STORAGE 02 .16.152 1071203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.155 1071218 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.158 1821203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.161 1821218 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.164 2571203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.167 2571218 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.2 321 3 - - - -
DAILY FLOW TOTAL STORAGE 03 .17. 5 321 18 - - - -
DAILY FLOW TOTAL STORAGE 03 .17. 8 32133 - - - -
DAILY FLOW TOTAL STORAGE 03 .17 .11 321 4 8 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.14 321 63 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.17 32178 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.20 1071 3 - - - -
DAILY FLOW TOTAL STORAGE 03 .17. 23 107118 - - - -
DAILY FLOW TOTAL STORAGE 03 .17 .26 107133 - - - -
DAILY FLOW TOTAL STORAGE 03 .17 .29 1071 4 8 - - - -
DAILY FLOW TOTAL STORAGE 03 .17. 32 1071 63 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.35 107178 - - - -
SHUTDOWN . 8. 5 331 4 0 
SHUTDOWN .8.13 33152 
SHUTDOWN .8.30 41, 64 
SHUTDOWN .8.37 4 91 3 
SHUTDOWN .8.98 41187 
SHUTDOWN .8.99 41, 91 
SHUTDOWN .8.135 17196 
SHUTDOWN .8.146 651108 

• SHUTDOWN .8.161 171 34 
SHUTDOWN .8.171 331120 
DISCHARGE WETWELL AND PUMP . 5. 297 331 15 

- - -
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OR BOOL 3/24/1997 14:20:55 FUNCT IEC DISCHARGE WETWELL AND PUMP .5.300 91 ll - - -
DISCHARGE WETWELL AND PUMP .5.302 4 91 3 9 - - -
DISCHARGE WETWELL AND PUMP .5.303 17139 - - -
DISCHARGE WETWELL AND PUMP .5.335 41,26 - - -
DISCHARGE WETWELL AND PUMP .5.346 171 15 

- - -
DISCHARGE WETWELL AND PUMP .5.356 73166 - - -
AIR STRIPPER .4.120 33158 
AIR STRIPPER . 4 .121 91 58 
AIR STRIPPER . 4 .12 9 25154 
AIR STRIPPER . 4 .14 4 41130 
AIR STRIPPER . 4 .14 7 41133 
AIR STRIPPER . 4 .152 41, 36 
AIR STRIPPER . 4 .15 7 41171 
BAGFILTER SCALENT VGAC .3.122 4 91 59 - -
BAGFILTER SCALENT VGAC .3.52 41,28 

- -
BAGFILTER SCALENT VGAC .3.56 33128 - -
BAGFILTER SCALENT VGAC .3.75 65128 - -
BAGFILTER SCALENT VGAC .3.76 57128 

- -
BAGFILTER SCALENT VGAC . 3. 78 81128 

- -
BAGFILTER SCALENT VGAC . 3.102 49155 - -
BAGFILTER SCALENT VGAC . 3 .114 4 91 2 4 

- -
BAGFILTER SCALENT VGAC . 3.115 49 - -
EXTRACTION WELLS .2.337 25 
EXTRACTION WELLS .2.366 251 
EXTRACTION WELLS .2.448 2 51 4 0 
EXTRACTION WELLS . 2. 471 25168 
EXTRACTION WELLS . 2. 4 90 25196 
EXTRACTION WELLS .2.513 251122 
EXTRACTION WELLS . 2. 54 9 811145 
EXTRACTION WELLS .2.551 651145 
EXTRACTION WELLS .2.586 33125 
EXTRACTION WELLS .2.587 33153 
EXTRACTION WELLS .2.590 33181 
EXTRACTION WELLS .2.593 331108 
EXTRACTION WELLS .2. 596 331 134 
AD ALARMS . 6 .17 331 8 
AD ALARMS .6.31 33125 
AD ALARMS .6.39 331 31 
AD ALARMS .6.51 331 34 
AD ALARMS .6.87 33139 

AD ALARMS .6.103 251 58 
AD ALARMS .6.107 251 52 

MOVE 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 01 .15 .1 4 81 4 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 4 4 81 19 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.7 48134 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 .1 0 4 81 4 9 - - - -
DAILY FLOW TOTAL STORAGE 01 .15 .13 4 81 64 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.16 4 81 79 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.19 1~· - - - -
DAILY FLOW TOTAL STORAGE 01 .15.22 12 

- - - -
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MOVE 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 01 .15. 25 123134 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.28 123149 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 31 123164 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 34 123179 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 37 198' 4 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.40 198119 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.43 198,34 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.46 1981 4 9 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 4 9 198164 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 52 198,79 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.55 27314 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 58 273119 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.61 273134 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 64 273149 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 67 273164 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 70 273179 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 73 48,104 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 7 6 481119 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 7 9 481134 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.82 481149 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.85 481164 

• - - - -
DAILY FLOW TOTAL STORAGE 01 .15.88 481179 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.91 123,104 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.94 1231119 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.97 1231134 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.100 1231 14 9 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.103 123,164 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.106 1231179 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.109 198,104 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.112 1981119 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.115 1981134 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.118 198,149 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.121 1981164 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.124 1981179 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.127 273,104 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.130 2731119 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.133 273,134 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.136 273,149 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.139 2731164 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.142 2731179 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.145 481204 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.148 481219 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.151 1231204 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.154 1231219 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.157 1981204 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.160 1981219 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.163 2731204 

- - - -

• DAILY FLOW TOTAL STORAGE 01 .15.166 2731219 - - - -
DAILY FLOW TOTAL STORAGE 02 .16 .1 4 8' 4 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 4 4 81 19 - - - -
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MOVE 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 02 .16.7 48,34 
- - - -

DAILY FLOW TOTAL STORAGE 02 .16.10 4 8, 4 9 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.13 4 8, 64 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.16 48,79 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.19 12 3, 4 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.22 123, 19 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 2 5 12 3, 34 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 2 8 12 3, 4 9 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 31 12 3, 64 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 34 12 3, 7 9 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.37 198, 4 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.40 1981 19 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.43 198, 34 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.46 198, 4 9 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.49 198, 64 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.52 198, 7 9 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.55 273,4 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.58 273, 19 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.61 273,34 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.64 273,49 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 67 273,64 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16. 7 0 27 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 7 3 48 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 7 6 4 8, - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 7 9 4 8, 134 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.82 48,149 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.85 48,164 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.88 48,179 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.91 123,104 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.94 123,119 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.97 123,134 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.100 123,149 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.103 123,164 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.106 123,179 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.109 198,104 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.112 198,119 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.115 198,134 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.118 198,149 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.121 198,164 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.124 198,179 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.127 273,104 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.130 273,119 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.133 273,134 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.136 273,149 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.139 273,164 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.142 273,179 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.145 48,204 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.148 48,219 

- - - -

~~· 
DAILY FLOW TOTAL STORAGE 02 .16.151 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.154 - - - -
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MOVE 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 02 .16.157 1981204 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.160 198,219 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.163 2731204 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.166 2731219 - - - -
DAILY FLOW TOTAL STORAGE 03 .17 .1 4 8, 4 

- - - -
DAILY FLOW TOTAL STORAGE 03 .17. 4 4 8, 19 - - - -
DAILY FLOW TOTAL STORAGE 03 .17. 7 48,34 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.10 48,49 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.13 4 81 64 - - - -
DAILY FLOW TOTAL STORAGE 03 .17 .16 48179 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.19 1231 4 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.22 123,19 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.25 123,34 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.28 123149 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.31 123, 64 

- - - -
DAILY FLOW TOTAL STORAGE 03 .17. 34 123,79 - - - -
SHUTDOWN . 8. 9 91,34 
DISCHARGE WETWELL AND PUMP .5.344 91,53 - - -
EXTRACTION WELLS .2.531 911158 

AND BOOL 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 01 .15. 3 1413 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.6 14,18 - - - -

~ 
DAILY FLOW TOTAL STORAGE 01 .15.9 14, 33 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.12 14 1 4 8 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.15 14 1 63 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15. 18 14 1 7 8 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 21 891 3 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 2 4 8 9, 18 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 27 89133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 30 89,48 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 33 89163 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.36 89178 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.39 16413 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 42 164118 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 4 5 164 1 33 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 4 8 164,48 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.51 164,63 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15. 54 164,78 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 57 239,3 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.60 239,18 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 63 239,33 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.66 239,48 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.69 239,63 - - - -
DAILY FLOW TOTAL STORAGE 01 .15. 72 239,78 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.75 141 103 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.78 14,118 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.81 141133 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.84 141148 - - - -

~ 
DAILY FLOW TOTAL STORAGE 01 .15.87 141163 - - - -
DAILY FLOW TOTAL STORAGE 01 .15.90 141178 

- - - -
DAILY FLOW TOTAL STORAGE 01 .15.93 891103 - - - -
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Project 
OMEGA 

E F B u s a q e 

Kind EFB L1brary Used in section 

FUNCT IEC DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 

- - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 

- - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 

- - - -
DAILY FLOW TOTAL STORAGE 01 

- - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 

- - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 

- - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 01 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 

- - - -
DAILY FLOW TOTAL STORAGE 02 

- - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 

- - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 

- - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 

- - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 - - - -
DAILY FLOW TOTAL STORAGE 02 

- - - -
DAILY FLOW TOTAL STORAGE 02 - - - -

Instance 

.15.96 

.15. 99 

.15.102 

.15.105 

.15.108 

.15.111 

.15.114 

.15.117 

.15.120 

.15.123 

.15.126 

.15.129 

.15.132 

.15.135 

.15.138 

.15.141 

.15.144 

.15.147 

.15.150 

.15.153 

.15.156 

.15.159 

.15.162 

.15.165 

.15.168 

.16.3 

.16. 6 

.16.9 

.16.12 

.16.15 

.16.18 

.16.21 

.16. 2 4 

.16. 27 

.16.30 

.16.33 

.16.36 

.16.39 

.16. 4 2 

.16. 4 5 

.16. 4 8 

.16.51 

.16. 54 

.16.57 

.16.60 

.16.63 

.16.66 

.16.69 

.16. i2 

.16.75 

29.09.09 

at 

891118 
891133 
891148 
891163 
891178 
1641103 
1641118 
1641133 
1641148 
1641163 
1641178 
2391103 
2391118 
2391133 
2391148 
2391163 
2391178 
141203 
141218 
891203 
891218 

1413 
14 1 18 
14 1 33 
14 1 4 8 
14 1 63 
14 1 7 8 
891 3 
8 91 18 
89133 
891 4 8 
89163 
89178 
164 1 3 
164 1 18 
164 1 33 
164 1 4 8 
164163 
164 1 7 8 
23913 
239118 
239133 
2391 4 8 
239163 
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AND BOOL 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 02 .16. 78 141118 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.81 141133 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.84 141148 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.87 141163 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 90 141178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16. 93 891103 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.96 891118 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.99 891133 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.102 891148 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.105 891163 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.108 891178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.111 1641103 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.114 1641118 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.117 1641133 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.120 1641148 

- - - -
DAILY FLOW TOTAL STORAGE 02 .16.123 1641163 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.126 1641178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.129 2391103 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.132 2391 118 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.135 2391133 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.138 2391148 - - - -• DAILY FLOW TOTAL STORAGE 02 .16.141 2391163 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.144 2391178 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.147 141203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.150 141218 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.153 891203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.156 891218 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.159 1641203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.162 1641218 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.165 2391203 - - - -
DAILY FLOW TOTAL STORAGE 02 .16.168 2391218 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.3 14 1 3 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.6 14 1 18 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.9 14133 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.12 14 1 4 8 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.15 14 1 63 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.18 14178 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.21 891 3 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.24 891 18 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.27 89133 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.30 89148 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.33 891 63 - - - -
DAILY FLOW TOTAL STORAGE 03 .17.36 89178 - - - -

REAL TO DINT 3/24/1997 14:20:55 FUNCT IEC DAILY FLOW TOTAL STORAGE 03 .17.37 8 81 92 - - - - - -
DIV REAL 3/24/1997 14:20:55 FUNCT IEC SHUTDOWN .8.10 4 31 2 6 

DISCHARGE WETWELL AND PUMP .5.343 4 31 4 5 - - -
EXTRACTION WELLS . 2. 2 8 6 271162 

• EXTRACTION WELLS .2.295 431174 
EXTRACTION WELLS .2.308 431188 
EXTRACTION WELLS .2.309 431199 
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EFB u s a g e 

Name Version Kind EFB Library Used in section Instance at 

DIV REAL 3/24/1997 14:20:55 FUNCT IEC EXTRACTION WELLS . 2. 314 43,210 
EXTRACTION WELLS .2.532 51, 14 4 

TOTALIZER 3/24/1997 14:20:55 FB CONT CTL SHUTDOWN FBI 8 12 91,26 
DISCHARGE WETWELL AND PUMP f'BI 5 341 91,45 - - -
EXTRACTION WELLS FBI 2 533 107, 144 

GE REAL 3/24/1997 14:20:55 FUNCT IEC SHUTDOWN . 8.19 19, 4 4 

COMP DB 2/15/2001 09:12:41 FB CONT CTL SHUTDOWN FBI 8 2B 91, 55 
SHUTDOWN FBI 8 110 19, 67 
SHUTDOWN FBI 8 111 67,67 
SHUTDOWN FBI B 144 4 3, 102 
DISCHARGE WETWELL AND PUMP f'BI 5 51 59,29 - - -
DISCHARGE WETWELL AND PUMP FBI 5 52 91,29 - - -
DISCHARGE lvETWELL AND PUMP FBI 5 358 51,60 - - -
AIR STRIPPER 19, 11 
AIR STRIPPER rBI 4 20 67,11 
BAGFILTER SCALENT VGAC f'BI 19,1 - -
BAGFILTER SCALENT VGAC FBI 3 3 67,1 - -
BAGf'ILTER SCALENT VGAC FBI 3 58 67134 - -
BAG FILTER VGAC FBI 3 59 191 34 
EXTRACTION WELLS FBI 2 552 911 16 
EXTRACTION WELLS FBI 2 563 91, 44 

EXTRACTION WELLS FBI 2 565 91 
EXTRACTION WELLS FBI 2 574 91 
EXTRACTION WELLS FBI 2 577 911 

\'1 INT REAL 3/24/1997 14:20:55 FB ANA IO SHUTDOWN FBI 8 14 5 191102 
DISCHARGE I'IETWELL AND PUMP FBI 5 357 27,60 - - -
ANALOG FBI 1 52 27130 
ANALOG 27124 
ANALOG FBI 27,19 
ANALOG FBI 1 57 27,13 
ANALOG FBI l 62 27,3 
ANALOG FBI 1 63 27,55 
ANALOG FBI 1 66 27,49 
ANALOG FBI 1 67 27,43 
ANALOG 70 27,61 
ANALOG FBI 1 71 27,67 
ANALOG FBI 1 74 27,73 
ANALOG FBI 1 76 27,79 
ANALOG FBI 1 77 27,85 
ANALOG FBI 1 79 271 91 
ANALOG 27,96 
ANALOG 27,107 
ANALOG FBI 1 86 27,101 
ANALOG FBI 1 89 27, 113 
ANALOG FBI 1 91 27, 118 
ANALOG FBI 1 93 271123 
ANALOG FBI 1 95 271129 
ANALOG f'BI 1 98 
ANALOG FBI 1 99 

MUL DINT 3/24/1997 14:20:55 FUNCT IEC DISCHARGE lvETWELL AND PUMP .5.350 - - -
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E F B u s a g e 

Name Version Kind EFB Library Used 1n section Instance at 

MUL DINT 3/24/1997 14:20:55 FUNCT IEC AIR STRIPPER . 4 .18 8 19, 63 
EXTRACTION WELLS .2.351 59,6 
EXTRACTION WELLS .2.453 59,33 
EXTRACTION WELLS .2.466 59, 61 
EXTRACTION WELLS .2.495 59,89 
EXTRACTION WELLS .2.508 59,115 

DINT TO TIME 3/24/1997 14:20:55 FUNCT IEC DISCHARGE WETWELL AND PUMP .5.351 35,19 
- - - - -

AIR STRIPPER .4.165 35, 4 0 
AIR STRIPPER .4.187 35,63 
EXTRACTION WELLS .2.352 75,6 
EXTRACTION WELLS . 2. 4 52 75,33 
EXTRACTION WELLS . 2. 4 67 75, 61 
EXTRACTION WELLS .2.494 75, 89 
EXTRACTION WELLS .2.509 75,115 

TIME TO DINT 3/24/1997 14:20:55 FUNCT IEC DISCHARGE WETWELL AND PUMP . 5. 352 7 5, 16 - - - - -
AIR STRIPPER .4.168 7 5, 36 
AIR STRIPPER .4.186 7 5, 60 
EXTRACTION WELLS .2.360 115,3 
EXTRACTION WELLS . 2. 4 51 115,30 
EXTRACTION WELLS . 2. 4 68 115, 58 
EXTRACTION WELLS . 2. 4 93 115,86 

• EXTRACTION WELLS .2.510 115,112 
DIV DINT 3/24/1997 14:20:55 FUNCT IEC DISCHARGE WETWELL AND PUMP .5.353 91, 16 - - -

AIR STRIPPER . 4 .184 91, 60 
EXTRACTION WELLS .2.378 163, 3 
EXTRACTION WELLS . 2. 4 4 5 163,30 
EXTRACTION WELLS . 2. 4 7 4 163,58 
EXTRACTION WELLS .2.487 163,86 
EXTRACTION WELLS .2.516 163, 112 

ADD REAL 3/24/1997 14:20:55 FUNCT IEC EXTRACTION WELLS . 2. 2 81 99,167 
EXTRACTION WELLS .2.297 99,179 
EXTRACTION WELLS .2.306 99,193 
EXTRACTION WELLS .2. 311 99,204 
EXTRACTION WELLS .2.316 99,215 
EXTRACTION WELLS .2.319 59,222 
EXTRACTION WELLS .2.534 19,144 

SCALING 3/24/1997 14:20:55 FB CONT CTL ANALOG FBI 1 51 51, 30 --
ANALOG FBI 1 54 51,24 --
ANALOG FBI 1 55 51, 19 --
ANALOG FBI 1 58 51, 13 --
ANALOG FBI 1 61 51, 3 - -
ANALOG FBI 1 64 51,55 --
ANALOG FBI 1 65 51, 4 9 
ANALOG FBI 1 68 51, 4 3 --
ANALOG FBI 1 69 51, 61 --
ANALOG FBI 1 72 51, 67 

--
ANALOG FBI 1 73 51,73 

• ANALOG FBI 1 7 5 51, i 9 --
ANALOG FBI 1 78 51,85 --
ANALOG FBI 1 80 51, 91 --
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table continued ... 

E F B u s a g e 

Name Version Kind EFB Library Used 1n section Instance at 

SCALING 3/24/1997 14:20:55 FB CONT CTL ANALOG FBI 1 81 51, 96 --
ANALOG FBI 1 84 51,107 --
ANALOG FBI 1 8 5 51,101 --
ANALOG FBI 1 90 51, 113 --
ANALOG FBI 1 92 51,118 --
ANALOG FBI 1 94 51,123 --
ANALOG FBI 1 96 51,129 --
ANALOG FBI 1 9 7 51,135 --
ANALOG FBI 1 100 51,140 --
ANALOG FBI 1 102 271 14 6 --
ANALOG FBI 1 105 27,152 --
ANALOG FBI 1 107 27,157 

REAL TO INT 3/24/1997 14:20:55 FUNCT IEC ANALOG .1.109 59,157 - -
ANALOG .1.110 51, 152 
ANALOG .1.111 51,146 

• 

• 
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Presentation 

6 

Modicon Momentum automation 
platform 
Introduction 

. A modiJiar concept ~it_!l~four easy pieces . 
The Momentum 1/0 system comprises 4 fundamental components that easily snap 
together 1n various combinations to form versatile distributed 1/0 system. 

The four pieces are: 
1 1/0 bases 
2 Commumcat1on adapter 
3 Processor adapters 
~. Optio~n _adapt~s. __ _ 

i 

i1//0base 

4 Option adapter (1) 

rn 
Momentum communication adapters 2 

2 Communication adapter i 

n 
3 Processor adapter (1) 

Momentum's des1gn separates the communications from the 1/0 base 1, thus 
creating a truly open 1/0 system that can be easily adapted to any held-bus network. 
When a Momentum 1/0 is coupled with a commumcation adapter 2, the two form a 
remote 1/0 drop that connects directly to virtually any standard field-bus 1/0 network. 
Together, Momentum 1/0 supports control systems based on personal computers, 
distributed control systems, programmable controllers and Momentum processors. 

;E:] 
I 
~---- ---------· -----··- ·-.- -----· 

(1) The processor adapters 3 are only compatible wtth the Concept or ProWORX sof1ware . 

• Telemecanique Schneider Electric 

• 

• 

• 
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• 

• 

• 
Schneider Electric 

Modicon Momentum automation 
platform 
Introduction 

Momentum UO bases 1 

Specialized Momentum 1/0 bases support the rest of the control system. The 
communication adapters 2, processor adapters and option adapters all snap onto the 
1/0 bases 1. A select1on of 1/0 base modules are available, Including analog 1/0, 
discrete 1/0, multi-function analog and bi-directional discrete bases. In addition, 
Momentum 1/0 bases offer Simple plug-in term1nal strips, as well as standard 35 mm 
DIN ra1l or panel mount1ng for ease of ma1ntenance and installation. 

2 Cammunicsllan 
adapter 

Momentum processor adapters 3 and option adapters 4 (1) 

When local distributed intelligence is required at the point of control, Momentum has 
the answer. Momentum M1 processor adapters 3 are full fledged PLCs containing a 
CPU, RAM and Flash memory. They are based on the popular Modicon family of 
PLCs (1.e., d1rectly compatible with Quantum, Compact and 984 PLCs), and snap 
onto the Momentum 1/0 bases 1, JUSt like the communication adapters 2. 

The opt1on adapter 4 provides the processor adapters w1th additional network1ng 
capabilities, a t1me-of-day clock, and a battery back-up. The option adapters also 
snap onto the 1/0 base; 1n the figure below, the processor adapter 1s stacked on top. 

Optional conformal coating 
If your control system needs to operate 1n a corros1ve env1ronment, selected 
Momentum modules can be ordered w1th a conformal coat1ng applied to components 
of the product. Conformal coating will extend 1ts life and enhance 1ts environmental. 
performance capabilities. 

See pages 94 and 95. 

Enhanced grounding system 
Due to new INTERBus standards for electrical noise immunity, a number of 
Momentum products have been updated to include the enhanced ground1ng system, 
wh1ch IS required to meet the revised electncal noise immun1ty standard (ab11ity to 
pass a 2.2 kV electncal fast transient burst test). 

See page 96 for a list of Momentum products that currently have been updated to 
mclude the new ground1ng system. 

(1) The processor adapters are only compatible With the Concept or ProWORX software 

MQt§ui§fh!\.L!tj 7 



Selection guide 

I Operating voltage end Input voltage 

Point 1o point 

Group to group 
Field lo adaptar 

Current cepac:lty Per output 
Per group 
Per module 

I Response lime, OFF ..ON 
ON-OFF 

[~ion egalnst short circuit and overload 

Faull reporting Outputfautt 

I/O error 
Blown fuse 

8 

Modicon Momentum automation 
platform 
Discrete 1/0 bases 

! Input modules for direct current 

L~,~··""~----------l 

True high 

24VDC 

max 250mA 

IEC 1131 Type 1+ 

1 x 161n 2 x 161n 

None 
None 
500VAC 

2.2ms 
3.3ms 

13 

®1AH,,'Bf1rl!.i4i 

f il!put modules ·for alternating current I 
L_ _.--l 

120 VAC 230VAC 

max.125mA 

IEC 1131 Type 2 IEC 1131 Type 1+ 

2x81n 

None 
1780VAC 
1780VAC 

10ms@ 60Hz 13,3 ms @60Hz 
35ms@60Hz 13.3 ms @60Hz 

Schne•der Electric 

• 

• 

• 



• 

True hrgh 

24VDC 

max. 250mA 

• 24VDC 

Solid st8te swrtch 

2 x S out 2x16out 

None 
None 

SOOVAC 

O.SA O.SA 

4A SA 
SA 16A 

< 0.1 ms 
<0.1 ms 

Electronically safeguarded 

1 LED/Out 1 LED/4 Out 
to adapter to adapter 

f,Jm~"'Dl 

• 14 

Schnerder Electrrc 

---;;s;o,. attematingcuiTeril-----------------:---;:-:::;--~·--
, >. "' ' 

----------------

120 VAC 230VAC 

max.12SmA max.6SmA 

120VAC 230VAC 

Tnac 

2 x4 out 2 x S out 2x4out 2xSout 

None 
None 

17SOVAC 

2A O.SA 2A O.SA 

4A 4A 4A 4A 
SA SA SA SA 

max. 1/2 x 1/f 
max. 112 x 1/f 

1 fuse per group 

None 
None 

1 LED 

1'\!V~'"~~) -l \!f>(i}"'~ 1! D'iiW~r!illF:W I 'Jf,{i)':ffi.Oftfillill 

I IL . 

~'A'3"'9*u"·@l 

module . 
Relay ouij)ut--.J 

120 to 230 VDC 

12S rnA @ 120 VAC 
6S rnA @ 230VDC 

20to250 VAC 
Sto30VDC 

Relay lrom "C" 

6 out (rsolated) 

1780 VAC for 1 mn 
17SO VAC for 1 mn 
1780 VAC for 1 mn 

SA 

SA 
21 A@ 5o•c 
2SA@30"C 

10ms 
20ms 

iuWL'IE®lill!!l 
_I ___ , 

9 



Selection guide (continued) 

I Output vollage 

Potenllallsolation Point to po1n1 

Group to group 
Field to adapter 

r- ::.-=. l 
------~~---------~ 

r
Response time OFF-ON I 

~-----------0-N_~_~ _________ j 
I Protection against short circuit and overload----· 

L __ . __ ___, 
Fault reporting Output fault 

I/O error 
Blown fuse 

10 

Modicon Momentum automation 
platform 
Discrete 1/0 bases 

True high 

24VDC 

24VDC 

max.250mA 

IEC 1131 Type 1 + 

24VDC 

Solu:i stele switch 

1 X 16 In, 2 x S Out 

0.5A 
4A 
SA 

2.2 ms In,< 1 ms Out 
3.3 ms In,< 1 ms Out 

60 1JS in, < 1 ms Out 
80 1JS in, <1 ms Out 

Electncally safeguarded outputs . 

1 LED/Out 

to adapter 

15 

l!}ldl§ri!BS'nh•U 

True low 

2.2 ms In,< 1 ms Out 

.3.3 ms In,< 1 msOut 

True high 

max.250mA+ 
sensor current 

4x41n,2x40ut 

2A 

SA 
16A 

Electrically 
safeguaroed outputs 
and 4 eleclronlcally 
safeguarded sensor 
supply group 

16 

Schneider Electnc 

• 

• 

• 



• 
ru-~--~ -----------------
L:_~~~ules for direct and anemating current 

True high 

24VDC 12, 24,48 VDC 24VDC 120 VAC 

24VDC 12, 24,48 VDC 24VDC 120 VAC 

max. 180mA 500mA@ 12VDC max. 250mA max. 160 rnA 
250 rnA @ 24 VDC 
125 rnA@ 48 VDC 

• IEC 1131 Type 1 +, monitored IEC 1131 Type 1+ IEC 1131 Type2 

24VDC 12, 24, 48 VDC 24 ... 230 VAC or 20 ... 1 15 VDC 120 ... 132VAC 

Solid state switch Relay (normally open) Tnac 

1 x 161n, 1x 8 Out and 1 X 16 In, 1 X 16 Out 1 x 10 In, 2 x 4 Out 1 x 10 In, 1 x80ut 
1 x40ut 

None None None 1780VAC None 

None None None 1780 VAC None 

500VAC 707 VDC 500VAC 500VAC 1780VAC 

0.5A 0.5A 2 A ohmic load 0.5A 

4 A group 1, 2 A group 2 8 A ohm1c load 2A 

6A 8 A @ so ·c. 7 A @ 60 •c 16 A ohmic load 4A 

2.2 ms In, < 1 ms Out 2.2 ms In, < 2 5 ms Out 2.2 ms In, < 10 ms Out max 1/2 x 1/f 

3.3 ms In, < 1 ms Out 3.3 ms In, < 2.5 ms Out 3.3 ms In,< 10 ms Out max 1/2 x 1/f 

Electronically safeguarded Electncally safeguarded None Varistor in parallel With each 1 1ntemal fuse per group 
outputs outputs contact (not aga1nst overload) 

1 LED/In, 1 LED/Out 1 LED/Out None None 

to adapter to adapter None None 

1 LED/fuse 

• [ "'"=¥.\---~. r~U .. ! ... ~.C.I~-v , 

' ----------·----- _j 

1 r,;,"-';1-qt=•Y'Ti'------, 
=>All:·=·'""' I L ______________ _; 

15 16 17 18 

Schne1der Electnc 11 



Presentation, 
description 

Charactenst1cs. 
pages 13 to 18 

12 

References: 
page 19 

Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Presentation 
The Momentum Automation Platform products are modular. Communication 
Adapters and Processor Adapters are designed to work as funct1onal modules when 
they are snapped onto a Momentum 1/0 base. An 1/0 base reqwres some type of 
Momentum Adapter assembled on it before it can be funct1onal. 

The 1/0 bases 111 mto compact standard hous1ngs that can be mounted on a DIN rail 
or on panels in a cab1net. They read information from f1eld sensing dev1ces and 
control d1screte and analog field actuatmg devices. Term1nal blocks and bus bars are 
available for use with the bases so that they can be used to support 2-, 3-, and 4-wlre 
f1eld dev1ces. 

The 1/0 field devices and the power supply to the module are connected v1a three 
18-p1n terminal blocks and an opt1ona11-, 2-, or 3-row busbar. The terminal 
connectors are electncally connected to the module; the opt1onal busbars not. 

Busbars prov1de a common connect1on for the field devices and serve as protective 
distribution connectors. Depending on the 1/0 base and the type and number of field 
devices to which it is connected, a 1-, 2-, or 3-row busbar may be used. 

Terminal blocks and busbars are ordered separately, and are not shipped w1th the 
Momentum 1/0 bases. They are available in either screw-1n or spnng-clip versions. 

Description 
170AO. discrete 1/0 base units compnse on the front panel: 

An internal interface connector for the communication module or processor 
module. 

2 A lock1ng and earth contact for the communication module or processor module. 
3 LED status indicators (the number of Indicators will depend on the number of 

channels). 
4 Up to three connectors for the removable terminal blocks (Modbus dependent). 
5 An grounding screw. 
6 A slot for the power strip. 
7 Two holes for panel mounting. 

Connectors to be ordered separately: 
• removable screw or spnng terminals 170XTSOO.OO 
• 1 to 3-row screw or spring bus bar 170XTS00.01. 

D1mens1ons, mount1ng: 
page 20 

® 1®1§"'9*1.1!.(41 

Connections: 
pages 21 to 25 

Schneider Electnc 

• 

• 

• 
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Characteristics Modi con Momentum automation 
platform 
Discrete 1/0 bases 

Characteristics of discrete input bases 
Type of input base unit 170ADI34000 170ADI350DD 

Number of inputs I 11 X 16 2 X 16 
l 

Input voltage IV i24DC 

Operating voltage 
IV 124DC 

Internal current lmA i 250 (@ 24 VDC) 

Input voltage range ;v j-3to30DC 
' 

!+11to30DC ON voltage ,V 
OFF voltage iv 

l 
~-3to+5DC 

Input current ON mA /2.5mlmmum 
OFF jmA ,1.2 max1mum 

I 
Input resistance lkO 14 

I i 
Type of signal 1 True H1gh 

Response time On-off maximum lms 13.3 
Off-on max1mum ms j2.2 

Potential Isolation Input to Input ! None 
Group to group IV , None 

F1eld to commumcat1on Interface! V 1500AC 

Power dissipation 

Agency approvals 

References: 
page 19 

Schne1der Electnc 

Dimensions, mount1ng: 
pages 20 

I 

lw j3 typ1cal, 
Smaxrmum 

I 
I I UL, C€, CSA, FM 

I j Class I, D1v. II 

Connect1ons 
pages 21 to 25 

5.5 typical, 
8.5maximum 

UL, C€, CSA 

17DADI54050 17DADI74050 

2x8 

; 120AC 1230AC 

f85to132AC 
, (@ 47to63Hz) 

1164to 253 AC 
(@ 47 to 63Hz) 

I 
~125 (@ 120 VAC) 1125 (@ 230 VAC) 
! 

i 0 to 132 AC j163to 253 AC 
174 AC m1mmum j164 AC mimmum 
: 20 AC max1mum 140 AC max1mum 

100m1nimum 
20max1mum 

9.5@ 50 Hz 19@ 50 Hz 
; 7.5@ 60Hz !7.5@ 60Hz 

I 

,350@60Hz i 13.3@ 60Hz 
10,0@ 60Hz i 133@ 60Hz 
None 

'1780AC 

; 1780AC 

I 

UL, C €, CSA, FM I UL, ((, CSA 
f Class I, DIV. II 

I 

13 



Characteristics (continued) Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Characteristics of discrete output bases 
Type of output base unit 

Number of outputs 

Type of output 

Output voltage 
Operating vollege 

Internal current 

Current 

Min. output current 

Leakaga current 

Surge current 

On State Voltege drop 

Point max1mum 

Group 

Module 

!mA 
tA 

A 

IV 
I 

Protection (short-circuits, overloads) 

Response time 

Potential Isolation 

Power dissipation 

Agency approvals 

Type of output base unH 

Number of outputs 

Type of output 

Output voltage 

Operating voltega 

Internal current 

Current 

M1n. output current 

Leakaga current 

On-off maJ(Imum 'ms 
Off-on max1mum 

Output to output I V 
Output group to output group i V 
Field to commumcation Interlace~ V 

Po1nt maximum 

Group 

Module 

,w 
I 

v 

A 

170AD034000 

2x8 

Sohd state switch 

•24DC 

f24DC 

250@ 24VDC 

.o.s 
4 

Sfor 1 ms 

< 0.5 DC @ 0.5 A 

170AD035000 

: 2x 16 
I 

I 0.5 

!8 
16 

1 Outputs electromcally protected 

<0.1 

<0.1 

None 

None 

500AC 

I 3.5 typical 
4.5maxmum 

: UL, ((, CSA, 
, FM Class I, 0111. II 

170AD053050 

· Tnac 
! 

1120AC 

' 

16 Otyp1cal 
i 7.5 maxJmum 
: UL, C€. CSA 

! 
170AD054050 

i 120 AC (300 for 10 s, 400 for 1 cycle) 

:0.5 
4 
8 

5 

1.9@ 120 VAC 

170AD083030 

Relay form ·c· 

20 to 250 AC, 5 to 30 DC 

1
120 to230AC 

< 125@ 120 VAC, 65 @ 230 VAC 

·s 
5 
21 @ 60 ·c. 25 @ 30 •c 

;SO 

l 
•<0.1@ 120VAC 
! 

i 20 for 10 ms 

<0.2@ 30VDC 

, Via external 315 mA fast-blow fuse 

20@60Hz 

10@ 60Hz 

1780 AC for 1 m1nute 

1780 AC for 1 minute 

. 1780 AC for 1 m1nute 

2.5 

,. UL, C€, CSA, FM Class I, DIY II 
I 

170AD073050 170AD074050 

; 230 AC (300 lor 10 s, 400 lor 1 cycle) 
! 

2 J0.5 

5 130 
.25@ 230VAC i 2.4 @230 VAC 

Surge current A Point: 15 (1 cycle), 10 (2 cycles), 5 (3 cycles) 

<1.SAC@2A On Stele Vollaga drop I< 1.5 AC@ 0 5 A < 1.5 AC@ 2 A 
I 

v 

Protection (short-circuits, overloads) : V1a Internal 5 A slow· blow fuse per group 

Response time On-off max1mum fms 112 x 1/1 (= 0,5 of one hne cycle) 

Off-on max1mum 112 x 1/f (= 0,5 of one line cycle) 

Potential Isolation Output to output None 

Output group to output group :None 

F1eld to communication Interlace V :1780 AC 

Power dissipation 

Descnption. 
page 12 

14 

References: 
page 19 

Dimensions. mount~ng 
pages 20 

~'C'§:·'i+''''·U 

II 

Connections: 
pages 21 to 25 

i < 1.5 AC @ 0.5 A 
i 

Schneider Electnc 

• 

• 

• 
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Characteristics (continued) 

Characteristics of discrete 1/0 bases 
Type of base unit 

Number of inputs 

Number of outputs 

Operating voltage 

Internal current 

Inputs Voltage 

Type of s1gnal 

Voltage at 1 

Voltage at 0 

Input current 

Input voltage range 

Input resistance 

Response t1me Off to on 
Onto off 

Fau~ sens1ng 

Outputs Voltage 

Type 

Type of s1gnal 

Current capacity 

Leakage current 

Peak current 

On state voltage drop 

Error 1nd1cat1on 

Response t1me Off to On 
Onto Off 

Modicon Momentum automation 
platform 
Discrete 1/0 bases 

170AOM35010 170ADM35011 170ADM35015 170ADM39010 

[1 X 16 ~1 X 16 
I 
12 X 8 11x8and1x4 

IVDC 124 

lmA j250@ 24VDC i 180@ 24VDC 
i : 

IVDC ! 24 
l 
j True h1gh ! True low :True high 
I I I 

IVDC j+11 to ... 30 ~- 3to + 5 1+11 to+ 30 

IVDC ~- 3 to+ 5 , ... 4to + 30 ; - 3to + 5 
1 

12 5 m1n. at state 1 (6 mA at c 24 V), 1.2 max. at state 0 

- 3to + 30 

!4 
I 

ms !2.2 0.06 i 2.2 In, < 1 Out 

!ms ,3.3 0.08 
1
3.31n, < 1 Out 

I ' ' 1- 1 Broken w1re 
i I · detect1on 

;VDC 124,30 max. 

I I Solid state sw1tch 

I I True h1gh 1 True low I True high 

I I 
!A 0.5 per po1nt I 0.5 per point 

I 4 per group 4 per group 1 

l 
8 per module 2 per group 2 

[6 per module 
I 

lmA 1<1 @24VDC 1<1 @24VDC 

lA 151or 1 ms 1-

IVDC I< 0.5@ 0.5 A 
,_ 

I 
Output overload lor at least one output to communication Output overload lor 
adapter at least one output 

to commumcabon 
adapter 

I 
jms 1 < o 1 
!ms 1 < o.1 
I I 

I I None 
, None 

Potential isolation ~ln~p:;:u::.t~to7i:.cnPc.:U=;t=--=--------+---+~=--------------------------Output to output group 
Input to output group None 
F1eld to commumcat1on Interface 1500AC 

j6.0 )6.5 

,8.0 110.0 
Power dissipation ~Tf.Y!:PI:::Ca::I ____________ -+;;;...--+~----------------------4-::::~-----

Maxlmum 

Agency approvals 

Descnpt1on· 
page 12 

Schne1der Electnc 

References· 
page 19 

UL, C(, CSA 

D1mens1ons, mounting 
pages 20 

® 1GH· 119fh1HUJ 

Connections. 
pages 21 to 25 

i UL, C(, CSA, FM 
) Class I, Dtv. II 

15 



Characteristics (continued) 

Characteristics of discrete 1/0 bases 
Type of base unit 

Modicon Momentum automation 
platform 
Discrete 1/0 bases 

t 170ADM 3701 170ADM 85010 

Number of points ::,ln:.!:p;.u::ts:,..------------+'

1 
__ --:. 4::-'x"-4-:------------·-;1..;;x:...1;.:6;-----------

0utputs t2x4 ,1x16 

! VDC 24 ~ 12, 24, 4a (10 to 60) Operating voltage 

Internal current 

Inputs Voltage 

Type of stgnal 

Voltage at 1 

Voltage atO 

Input current 

Input voltage range 

Input reststance 

Response ttme Off to On 

On to Off 

Fau~ senstng 

Outputs Voltage 

Type 

Type of stgnal 

Current capactty 

Leakage current 

Peak current 

On state voltage drop 

Error 1nd•ca!Jon 

Response time 

1 rnA 250 @ 24 VDC (plus current lor sensors) l 500 @ 12 VDC 
I I i 250 @ 24 VDC 
! l 125@4aVDC 

I VDC 24 12, 24, Ml 
I 

VDC 

!rnA 

I 
IVDC 

lkn 
' rms 

!ms 

I 
'VDC 

! 
' l 
lA 

lmA 
lA 

'VDC 
I 

ms 

, True h•gh 

I+ 11 to+30 
I 

I 2.5 mm. at state 1 (6 rnA at c 24 V), 
: 12 max at state 0 
I 

-3to+30 

2.2 In, < 1 Out 

3.3 In, < 1 Out 

: 24, 30 max. 

l Solid state switch 
I 

, True htgh 
I 

'2 per potnt 
: Bpergroup 
• 16 per module 

1 <1@24VDC 

2.8 for 1 ms 

Output overload lor at least one output or 
· short-<l!n:ud or overload on one of the 4 
encoder supply groups, to communiCBbon 

; adapter 
I 

1 < 0.1 Off to On, < 0.1 On to Off 
I 

> 7.5@ 12VDC 
>11 @24VDC 

\>30@4aVDC 
l<2.5@ 12VDC 

1
<5@ 24VDC 

,<10@4aVOC 

12.3@ 12VDC 
,2.7@ 24 VDC 
,2.9@ 48VOC 

!10to60V 

• 2 2 In, < 2.5 Out 

! 3.3 In, < 2.5 Out 

112,24, 48,60 max. 
! 

I 0.5 per potnt 

I 8 per group @ 50 •c 
7 per module @ 60 •c 

l<1 @60VDC 

i5for1 ms 

, < 1@ 0.5 A 
i 
; Output overload lor at least one output to 
·• communtcat1on adapter 
I 

Potenllellsolation -='".:;.P;_ut_to_tn.:...put;_;_ _________ -+ ___ ;:..,N_,.o;...n.;..e ________________________ _ 

Output to output group . None 

Input to output group I V · None 

Fteld to cornmunicatton Interface Vrms 500 AC 

Power dissipation TypiCal w 6.5 
I 

Agency approvals 

Descnpbon: 
page 12 

16 

References: 
page 19 

:10.0 

UL, ((, CSA 

Dimensions, mountmg: 
pages20 

Connechons: 
pages 21 to 25 

, 7070C 

j707DC 

: 6.0 + (0 144 x nb of Input po.nts) 
j + (0.25 x nb of output potnts) 

; UL, C (, CSA, FM Class I, Orv. II 

' 

Schneider Electnc 

• 

• 

• 
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Characteristics (continued) Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Characteristics of discrete 1/0 bases (continued) 

Type of base unit 

Number of points 

Operating voltage 

Internal current 

Inputs 

Outputs 

Potential isolation 

Fusing 

Power dissipation 

Agency approvals 

Descnpt1on: 
page 12 

Schne1der Electnc 

Inputs 

Outputs 

Voltage 

S1gnal type 

On voltage m1mmum 

Off voltage max1mum 

Input current 

Input voltage range 

Input res1stance 

Response t1me 

Voltage 

Type 

Current capacity 24 VDC 

Current capacity 115 VDC 

Current capac1ty VAC 

Leakage current 

Error Indication 

Response tune 

Max. number of SWl!ch1ng curuits 

Protecllon aga1nst short CircUit 
and overload 

Input to Input 

Output group to output Group 

Input to output group 

F1eld to commumcat1on Interface 

Internal 

External operating voltage 

External 1nput voltage 

External output voltage 

Typ1cal 

Max1mum 

Relerences: 
page 19 

170ADM39030 170RM37030 

l j 1 X 10 

l j2x4 
l I 

IV !240C , 120 AC (47 to 63Hz) 
I 

1mA 1250@ 24VDC ; 5 minimum load current 
I ! 
IV 

j24to230AC 
j20to115DC 

! jTrueHigh 

IVDC j+11to+30 

IVDC ~-3to+5 

lmA ; 2.5 mimmum On, 1.2 maximum Off 
I 

IVDC 1·3t0+30 
l 

lk11 l4 
I 
' ms i 2.2 Off to On, 3 3 On to Off 
! 

v 24 to 230 AC, 20 to 115 DC 

! Relay normally open 
I 

lA i > 0.005 (new contacts), ohm1c load 2 A max1mum, 1nduc11ve load 1 A max1mum 

l l(LR<i40ms) 

A ! Ohm1c load 0.5 A max1mum (sw1tch1ng current" 1.5 A), Inductive load 0.15 A 
! maximum (LA <i 40 ms) 

A 12 A max1mum (swllch~ng current <i 1 5 A) 2 A per po1nt, 8 A per group, 16 A per 
, cosq> = 1, 1 A maximum cos<p "'0 5 1 module 

lmA I<,@ 230VAC 
' ' 

I jNone 

' 
lms 110@ 60Hz Off to On, 10@ 60Hz Onto Off 

I l > 30 x 1()6 (mechanical),> 1 x 105 (inductJI/e load With external protect1on cJrcult) 

I 
1 None i Vanstor in parallel wiltl each contact 

! • 
' 

I None 

lvrms None ; 1780 AC 

!Vrms i Nona 1780AC 

Vrms : 500AC 
i 
!NOne 

! 315 mA fast-blow • 4 A fast·blow 

! max 4 A fast·blow !None 

l According to the supply of the connected None i actuators not to exceed 8 A 
slow-blow/group ;w j5.5 

lw la.5 

' ' 
lUL, ((, CSA I UL, ((, CSA, FM Class I, D1v. II 

D1menmons, mounbng. 
pages20 

Connections· 
pages 21 to 25 

~*AHUI§+Un.p 17 



Characteristics (continued} Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Characteristics of discrete 1/0 bases (continued) 

Type of base unit 170AOM69051 

Number of points 

Operating voltage 

Internal current 

lnpu1s 

Outpu1s 

Potential Isolation 

Power dissipation 

Protection 

Agency approvals 

Descnpt1on: 
page 12 

18 

lnpu1s , 1 X 10 

Ou1pu1s , 1 X 8 

' 'VAC ; 120 (47to 63Hz) 
I 
mA ' 160 (@ 120 VAC) 

Voltage VAC 120 
I 

S1gnal type ; True high 

On voltage mimmum •VAC 74 

Off voltage maximum : VAC , 20 

Input current · mA 6.0 m1mmum at state 1, 2.6 max1mum at state 0 
I 

Input voltage range • VAC F4to 132 
I 

Input resistance I w 4 

' 
Response t1me ms Max1mum 1/2 x 1/1 Off to On, maximum 1/2 x 1/1 On to Off 

Voltage 120 to 132 (@ 47to 63Hz) 

Type <Triac 

Current capac1ty 0.5 A per point max1mum, 30 mA per po1nt m1mmum, 2 A per group, 4 A per module 

leakage current mA 
I 

1 < 13(@ 120VAC) 

S1gnal type True H1gh 

On state voltage drop :<1.5(@0.5A) 

Error ind1cabon !None 

Response t1me ' 1/2 x 1/1 max1mum from state 0 to state 1, 1/2 x 1/1 maximum from state 1 to state 0 

Max1mum sw~ch~ng cycles : 3000 hr for 0.5 A induct1ve load 

Input to 1nput ·None 

Output group to output group None 

Input to output group ; None 

Field to commumcation 1nterface l Vnns 1780 AC 

Typ1ca1 lw 6 
Maximum 

Internal fuses 

References: 
page 19 

<W 
I 

8 

,A 2 x 2 5 slow-blow fuses 
! 

Ul, C(, CSA 

D1mens1ons, mount1ng: 
pages20 

(®l®l§::l§±l.l!.@l 

Connect1ons 
pages 21 to 25 

Schne1der Electnc 

• 

• 

• 



References Mod icon Momentum automation 
platform 

• Discrete 1/0 bases 

~[f(f~; Discrete input bases .. "* ( Type of current Modularity Conformity Reference Weight • I !%'- (no. of points) EC 1131·2 kg 
-; 

DC 24 v 16 (1 X 16) Type 1 1 70ADI34000 0190 rnmmmrmnr I 32 (2 X 16) Type 1 170ADI35000 0.200 • !!iii ..• AC 120V 16 (2 X B) Type 2 170ADI54050 0.284 

~= I· 230V 16 (2 X B) Type2 170ADI7 4050 0.284 

. '• Discrete output bases 
170ADI..O.O 

Type of current Output voHage Modularity Current per Reference Weight 
(no. of points) output kg 

DC solid state 24 v 16 (2 xB) 05A 170AD034000 0 210 
~ ...... ~,.,~ .. ,.·~~ 

protected 32(2x 16) 0.5A 170AD035000 0 210 .mmmnmnmm ~ DC/AC relay form "C" 5 ... 24 VDC 6 ISOlated SA 170AD083030 0.260 

l!lil!li!I~IIUII f 24 .230 VAG 
AC triac 120V B (2 X 4) 2A 170AD053050 0 320 

f mmntmfftflf" I protected, 16 (2 x B) 0.5A 1 70AD054050 0.284 
... "":"0 ~~· ·--···. 1 fuse per group 230 v B (2 X 4) 2A 1 70AD073050 0 320 

: :1 16 (2 xB) 0.5A 170AD074050 0.284 
I 

~ · .. --· ·.· 
170ADO..O.O Discrete 1/0 bases 

Type of output current Input Output Modularity Reference Weight 
voltage voltage Input Outputs, current kg 

----· .. 
DC solid state 24VDC 24VDC 161 (1 X 16) 16 0 (2 X B) 0 5 A 1 70ADM3501 0 0 200 

Type 1+ protected 161,fast(1 x 16)160(2xB)05A 1 70ADM35011 0 200 
161 (1 X 16) 1 6 0 (2 X B) 0.5 A 170ADM35015 0.200 
161, w1r1ng 120(1 xBand 1 x4) 170ADM39010 0.260 
check (1 x 16) 05A 
161 (4 X 4) BO (2 x4) 2 A 170ADM37010 0.220 

• DC relay 12 ... 60 VDC 12 .60 VDC 16 I (1 x 16) 16 0 (1 X 16) 0 5 A 170ADM85010 
.. .. AC or DC relay 24VDC 24/230 VAG 10 I (1 x 10) BO (2 x4) 2 A 170ADM39030 0.260 ,. ~-. Type 1+ 20/115 VDC (1) 
170ADM..O- 170ARM37030 0.260 

(2) 

AC triac 100 ... 120 120VAC 10 I (1 X 10) B 0 (1 x B) 0.5 A 170ADM69051 0.220 
VAG protected by 1 fuse 
Type 2 

( 'rU~UIIIUUiiiiJ 
~~~.u~u~;.':.# Accessories 
170XTS00200 Description Composition Type of connection Reference Weight 

kg 
Terminal blocks for VO 1 row Screw 170XTS00100 .;l ... ····---r~~ base connection Spnng 170XTS00200 
Set of 3 connectors .. ;:~;~~W.i~~; 
Bus Bar 3rows Screw 170XTS00401 i ~ .... *!!!t.~,; ~ ... " f 

Spnng 170XTS00301 
170XTS00401 

2 rows Screw 170XTS00501 

Spnng 170XTS00801 

~= 
1 row Screw 170XTS00601 

I 
Spnng 170XTS00701 

170XTS00801 
Cable grounding rail Used to connect CER001 

the cable sh1eld1ng 

High vibration K1t conta1mng 5 sets of clips 170XTS12000 
environment clips 

Ill. '" .;...-...~;ij~ Dummy base unit Used to prew~re the 1/0 base umts 170BDM09000 
170XTS00601 ReqUires screw or spnng connection terminals 

Discrete input simulator 1 6 channels, 24 VDC 170BSM01600 

Replacement parts 
Description Use Reference Weight 

CER001 kg 
Sheets of labels 1 0 front labels for Momentum modules 170XTS10000 

Cable coding For screw or spnng connection terminals 170XCP20000 

• part kit 

170BSM01600 (1) Operatmg voltage 24 VDC. 
(2) Operatmg voltage 120 VAG. 

Descnption CharacteristiCS Connect1ons: 
page 12 pages 13 to 1B pages 21 to 25 

Schneider Electnc (®l$i§u'9£h!l.@l 19 



Dimensions, 
mounting, 
connections 

Dimensions, mounting 
170ADe, rail or panel mounting 

(1) 2 holes lor M4 sctews. lot panel mouming 

Connections of discrete input bases 
170ADI34000 

Example of external wiring of 2, 3 and 4-wire sensor& 

2 

4·wlfe sensor 3-wlre sensor 

Group of channels 

Internal Wiring 

170ADIS4050 
Example of external wiring of 2 and 3-wire sensors 

Group of channels 

Internal wmng 

Descnptton· 
page 12 

20 

Charactensbcs 
pages 13 to 18 

Modicon Momentum automation 
platform 
Discrete 1/0 bases 

(1) equipment or enclosure 

4Amax, 
last· blow 

fuse 

® 1®14e 119¥1
• 11·U 

170ADI35000 
Example of external wiring of 2 and 3-wlre sensor& 

3-wlre sensor 3-wlre sensor 

Group of channels 

Internal wmng 

170ADI74050 
Example of external wiring of 2 and 3-wire sensor& 

Group of channels 

Internal Wiring 

200mA230V 

R 
-v 230V 

etum 
Retum 

Schnetder Electnc 

• 

• 

• 
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Connections (continued) Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Connections of discrete output bases 
170AD034000 170AD035000 

Example ol ex1emal wiring ol 2 and 3-wlre actuators 

I~ 2 3 4 5y 8 9 10111213 1761t2tl 
D a o c o o D D D 0 D D D 

,/" ,/" I 

3 I M-T+ I 
/ 

0 ptlon 

II I 
PE II 

( .,!,-

LD= lou~PEI 
2-Wire actuator 

3-wlre actuator 

Group of channels 

Internal wlnng 

170A0083030 
Example ol ex1ernal wiring 

1 2 3 4 56 1 8 s 10111213141516M-L•I 1 c~c • [] • 0 • D • o!Ce D c D D r T 
102030405 

NO 

2 11 2 3 4 5 8 7~p 101 12 13 14 15 16 17 181 
D D 0 D D D D D D IJ C 0 0 D D D 

01 02 03 05 06 

\ NF 

3 
11, f~ 4 5 6 ~nn 1' 

'p3 14 15 16 17 181 
D D D 0 0 0 D 0 

Oollon 

II TEll II 

t cp cp w 
Ou1put 1 Ou1pul4 OutpU16 

Internal w1ring 

Descnpbon 
pages 12 

Schnetder Electnc 

Charactenshcs: 
pages 13 to 18 

,-, 24V 
4 A max. ""24 v 
fasl·blow Aetu 

fuse 

4 A max 
fast-blow 

fuse 

315mA 
fast-btow 

fuse 

120/230VCA 

Fas1 blo L w 
fuse N 

315mA 

m 

References: 
page 19 

®'G'9"1§fU'H41 

Example ol external wiring ol 2 and 3-wlre actuators 

1 
D 

1 
D 

3 

0 pbon 

2 3 4 5 6 7 8 9 10 11 1213 1415 16M-L+ 
D D o_y D D D 0 c 0 0 D 0 0 T T 

,..... 
I 

2 3 4 5 6 7 8 9 101112131415161L+2L 
D D D D D D cy-oocy-cTT 

I 
M M 

/ _\ T 

M-

PE 
~~'::. 

10"' "I 'U' lo"' Lll -D- 2-wue actuator -D-
3-wtre actuator 3-Wire actuator 

Group of channels 

Internal wmng 

Dtmenstons, mounttng: 
page 20 

= 24V 
315mA 
fast-blow 

,-, 24V 

~ 
Retu 

-
• A max. 
fast-blow 

fuse 
~ 

4Amax 
fas1-blow 

fuse 

J 

21 

rn 



Connections (continued) Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Connections of discrete output bases (continued) 
170AD053050 I AD054050 170AD013050 I AD074050 

Example of external wiring of 2 and 3-wire actuator 

'Fuse 1 (5 A slow-blow) Fuse 2 (5 A slow-blow) 
1 t I 

2 

3 

3-wi"' ac!Uator 

Group ot channels 

Internal wmng 

Oescnption· 
pages 12 

22 

Charactensttcs: 
pages 13 to 18 

""120V 

lOA 

Return 
"v120V 

Return 

References: 
page 19 

fiJ 1A1%ii9f'·u.U 

Example of external wiring of 2 and 3-wlre actuators 

1 
~F~se 1 (5 A siow-eow; Fuse 2 (5 A slow-blow) 

Group ol channels 

Internal w1ring 

Dimensions, mounllng: 
page 20 

""230V 
Retum 

""'230 v 
Retum 

Schnetder Electnc 

• 

• 

• 
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Connections (continued) 

Connections of discrete VO bases 
170ADM35010 I ADM35011/ ADM35015 

Example of external wiring of a 2-wire sensor/actuator 

2 

Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Example of external wiring of a 3-wire actuator with wiring check 

= 24V - 24V 

= 24V 2 3 4 5 6 7 8 9 10 11 = 24V 
I~ 3 4 5 6 7 8 9 10 11 12 13 14 15 16M- L+ _I 315 mA 

D D D _:;....- D D a o o o o o a a T T fast-blow I~ 12131415 16M-L+ J 315 rriA 
D 0 0 c ..... D D 0 D D a a o o a _ll fast-blow Relu fuse m 

fuse Retu m 

I 

I~ 
4Amax 

2 3 4 5~ 8 s 10 11 1213 1415 1s1f TL+I'•st-blow D D D D 0 0 DDDDDDDD fuse 

........... I 
3 

I 

M-M-~4Amax 
'\ fast-blow 

ptlon 
I fuse 

0 

II 3L+II 4 A max. 
tastooblow 

I fuse 

16 06 

L'- Lo-2 wue sensor 
2-Wire actuator 

Group of channels 

Internal wlnng 

Example of external wiring of a 4-wire sensor activated by an output 

- 24V ---
2 3 4 5 6 7 8 ,-- 24 v I~ 9 10 11 12 13 14 15 16M- L+ 1

315 mA 
0 0 D~ D D a o o ~ a a T T last-blow Retu fuse rn 

I~ 2 3 
4j) 

7 8 
D D D 0 D D 

I -/ 

0 ptlon 

II, r 

I 
liN + - PEl 

~---
4-wire sensor 

Group of channels 

Internal winng 

Description: 
pages 12 

Schne1der Electnc 

I 
4Amax 

9 10 11 12 13 }415 161r 2tl'ast-blow 0 0 D co co fuse 

_.....___ 
2-Wire sensor 

Charactenshcs: 
pages 13 to 18 

I 
M-M-~4Amax 

last-blow 
I fuse 

PE II 
_J,_ 

References 
page 19 

-
1- I = 

4Amax 

I~ 213 4 5 6 7 8 9 10 11 12 13 1415 16 1L12L+Itast-blow 
OlD ay o D D aooocooTT fuse 

2 

I L -
I I M M -~4 A max. 

laSI-blow 
/ fuse 

3 

Op bon 
I I 
I 

II I 
PEII 

I 

I + I 
I 

' 

I ~PEJ 
3-w,re actuator 

Group of channels 

Internal wiring 

Example of external wiring of a 4-wire sensor/2-wire actuator 

- 24V 
315mA-

2 

3 

Op 

1 2 3 4 5 6 7 8 9 101112131415 16M- L+ 
D 0 D ~0 D D o a Q D D D D _l_l 

1 
a 

t1on 

,... I 
2 3 4 

5_l.,ls 
9 10 11 12 13 1415 161L12L+ 

o a a D a D D D D 0 0 0 D D T T 
---......... 

" 

----

r 

I 
liN+ -PEl 

~--- 2·wue actuator 

4·wue sensor 

Group of channels 

Internal wmng 

D1mens1ons, mount1ng: 
page 20 

l 
M M 

l 

3L+ 

M_· 

PE 

-!--

fast-blow ~ 24V 
Relu 

fuse m 

= 
4 A max. 
last-blow 

fuse 

4 A max 
last-blow 

fuse 

4Amax 
last-blow 

!::_ 

23 



Connections (continued) Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Connections of discrete 110 bases (continued) 
170ADM39010 

Example of external wiring of 2-wire sensor/actuator 

- 24V 

I ~ 2 3 ~7 8 9 ~ 12 13 14 15 16 1- T+ 1
200 

m-A-o o o o o o o fast-blow 
= 24V 

0 0 0 0 0 0 Ret 
,.... 

1 

fuse 

1 b o 
8 9 12 1L+ 2L+ 14 A max 

0 0 0 ~ 0 0 0 0 0 0 0 0 o --, -,- fast-blow 
fuse 

"""' 
56k0 I 

3 
I 

M M rAmax 
fast-blow 

"" fuse 

0 phon 
\ I 

II 
_/_ 4 A max. 3L+ II 

T fast-blow 

I fuse 
16 

~---
~ 
(connected .0 directly 
to sensor) 

2-WJre actuator 

Group of channels 

Internal Wiring 

170ADM37010 (conbnued) 
Example of external wiring of 3-wlre actuator with wiring check 

- 24V 

um 

170ADM37010 
Example of external wiring of 2 and 4-wire sensors/2-wire actuator 

24V -
1 2 3 ~7 8 ~ tg 1011~ ';;41; ~~;.-'f 

4 A max· 
0 0 0 0 0 0 0 last-blow = 24V 

~ 
Ret 

I 
8Amax 

~ ~ ).l g _! z ~ 1~ 1J ~ 'J ~ 1,? ~6Y2t sfow-blo111 
fuse 

2 

\ _"-1\ 
L+ L+ f-.~ 1-----~~~- 8Amax - 1-- _?""* slow-blow 

I 
fuse 

pbon 0 

M-

~ 
PE 

1; 

I'N + - PEl 
~--

+ - --2-WJre sensor 
2 wue actuator 

4-wue sensor 

Group of channels 

tntemal wiring 

Spectal external wiring, the output activates the sensor 

4Am~ 
24V 

= 24V 

um 

1

1 2 3 4 56 7 8 9 10111213141516M-L+-~ 4 Amaii. -24V 
DDDDD .. DDODDODDDDTT last-blow -- ~ ~~ 

3 4),! 7 8 I' 2 9 10 1112 13 1415 16MT- T+ l fast-blow 0 0 0 0 D 0 D D 0 D D D D D D Retu fuse m 

,- I 

I 
1 L 2L+I8 A max. 

2 t t~ LLLt 6 J ~ 'i 1J :1. 'J !:_ '.? 1 T+ T + stow-btow 
/7 ~\ - fuse 

I \ '-1\ 
31L+ I L+ L+ 

--;...1-- -------- -
L+ 1M-:-~-I8Amax 
.............., ~ T 1 slow-blow 

fuse 
I 

0 pllon I 

II 

I 

I 

I 
I 

' ' 

I O~PEI 
3-Wire actuator 

Group of channels 

Internal wmng 

Descnpt1on: 
pages 12 

24 

Charactenst1cs· 
pages 13 to 18 

PEII 

,l. 

References: 
page 19 

3 

0 

I -
8Amax. 

I b ~ ~ _!)
7
! Z !, ~ 1~ 1J t_:1J ~ 1~ ~1T+2tlsl~;:::ow 

\ --=n· 
ft:... L+ L+ L+ ftJ ..:~-~8Amax. 

1--f-- ............... -- ·~ slow-blow 
I use 

ptton 

II 

~IN + - P~~ 
~--
4-wue sensor 

Group ol channels 

Internal wlnng 

Dimensions, mounting: 
page 20 

PEII 

+ 

Schnetder Electnc 

• 

• 
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Connections (continued) Modicon Momentum automation 
platform 
Discrete 1/0 bases 

Connections of discrete 1/0 bases {continued) 
170ADMB5010 

Example of external wiring of: 
o 4-wore sensor 
o 2-w~re actuator 
o 3-wire actuator woth wiring check 
o 2-w~re sensor actovated by output 

11 110 114 =10 .60V 

3 4 5 6 7 =10 
0 c c 0 c 0 0 , 0 0 0 D D 

60 
1 l! ~ a 9 1011 121~;4 1516 r-,. 

{I) Rep , 
I 

m 
04 , 010 

1 2 3~ 6 7 819,01112 c c c 0 c 0 0 1 0 D 0 2 

~ I 

3 4M I 10M 

I 
I 

4 
/ 

I 

I 
5 

p I p 
6 

I ~ I'" + - PE~ L.:o-= 'In- PE 
-Q- 2-wore -Q-

4-wue 
sensor 

actuator 

Group ot channels 

Internal Wiring 

3-Wire 
actuator 

014 

03\ '.? \,6 rrL max lOA 
(2) 

/I 
'92t2i+ 315mA 

12 

max 4 A
121 

_....__ l 
Sensor 
aelivaled by 
output 

(1)Fast-blow fuse:= 12 v· 630 mA, =24 V· 315 mA, .-:-:48 V 200mA. 
(2) Fast-blow fuse. 

170ARM37030 

Example of external wiring of 4-wire 6en6or/3-wire actuator 

"- 120 v 

I~ 6 N Ll 

1

4 A max 
Return o Day D .c IJ 0 • • • • • 0 ·T T last-blow 

I use 

170ADM39030 

Example of external wiring of 3 or 4 sensor/3-wire/actuator 

Group of channels 

Internal wiring 

(1) For 4-wtre sensor 
(2) For 3-wtre actuator 

, 170ADM69051 

Example of external wiring of 4-wlre sensor/2 and 3-wire actuators 

Fuse 1 Fuse 2 "v115V 

~~2,5 A slow-blow) (2,5 A slow-blow) 

I 
Retum 

I "v20 132 

/ N 

= 315mA Return 

2 ' ~ 3 4 

5 ' 7 

8 9 10 NC --; T L t fast-biON f'.-115 0 c D 0 0 0 D 

v 

v 

I· . L+ 12 
0 

1T+ 2f I 
1
8 A max . ·y· .. D 0 ~ 0 0 0 

..........,.... lu~ 

L R9 tum 

/ II 
3 I· . M-.. •/ ... 1N . . ,- ... 

• 

1

frl 
I 

4 II· · • • • ;E • • • • • ~E • • • • • TEll 

rN + - PEl 
~--

4-w•re sensor 

Group of channels 

Internal w1nng 

Description 
pages 12 

Schneoder Electnc 

r~ PEl 

3-Wire actuator 

Characlenst1cs. 
pages 131o 18 

+ 

stow-blow 
fuse 

References· 
page 19 

~'A'9"'9f""·L!ti 

3 

4 

5 

6 

SA max 
0 ~~ D _.ll, 0 _.1l, o ~ o ~LA o ....._j_n j_ ow-blow 

.T 7 fuse 

~ 
2-wire 
sensor 

// / 
/./" 
,/ 

/ 

f 

I I 1 
L N PE ~~~~0~ N PEl 
~ -- -o- y 

2-wue actuator 

4-Wire sensor 3-wue actuator 

Group of channels 

Internal wmng 

Domensoons, mountong 
page 20 

I ~ 

21.1 
~ 

2N ~.:. 
fuse 

PE 

+ 

25 



Selection guide 

I~N-N'" 

Modularity Input channels 

Output channels 

Discrete 110 

Lpdatetlme 

Potential Isolation BiiiWiiiln channels 

ease and ground 
Channels and ground 

I Number In words tri 
OUt 

I Fall states 

I Type of communicating module 

26 

! 

j 

Modicon Momentum automation 
platform 
Analog 1/0 bases 

24VDC 

Inputs Inputs Inputs 
:s: 5 V, :t: 10 V, :t: 20 mA :t: 5 V, :t: 10 V, 4-20 mA :s: 25 mV,: 100 mV, 
1·5 v. 4-20 mA Temperature probe 

Pt 100, Pt 1000, N1100, 
N11000 
Thermocouple 
B,E,J,K,N,R,S,T 

8 d•fferenbal inputs , 16 smgle-ended inputs 4 dillerenbal inputs 

14 bits + sign bipolar 12 bits + s1gn 15 bits + Sign 
15 bits unipolar 

1.33+ 1 33xno.ofdeclarad · 1 + 1.5 x no. of declared 500ms 
channels (ms) channels (ms 

200 VDC, 1 m1n None 400VDC 

500 VDC, 1 m1n 500 VDC, 1 m•n 500 VDC, 1 m1n 

500 VAC, 1 min 1180 VAC, 1 min 500VAC 

Polanly 1nvers1on 

Swords in 16words in 4 words 1n 

2 words out 4 words out 4words out 

29 30 

*'"'9··1§f'·''·U Schne1der Electnc 
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• 
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• 
124 VDC analog ~ut bases 

H' 
~< 

24VOC 

Outputs Outputs 
± 10 V, 0-20 mA ± 10 V, 4-20 mA 

4 outputs 

• 12 b1ts + sign 

2ms 

None 

500 VOC, 1 min 

500 VAC, 1 m1n 

Polarity 1nvers1on 

5 words oU1 

Hold, reset to zero, reset to full scale 

31 

• 
Schneider Electnc 

1

24 VDOC mixed 1/0 bases (analog/discrete) 

~0 _________________j 

Inputs 
±5V,:o10V,±20mA 
1·5 V, 4-20 rnA 
OutpU1s 
± 10 V, 0-20 rnA 

4 d1Herential1nputs 

2 outputs 
4 1nputs 24 VDC 
2 outputs 24 VOC/0.5 A 

Inputs: 12 ... 14 bits 
(dep. on range) 
Outputs: 12 b1ts 

Inputs: 10 ms 
Outputs: 1 ms 

None 

500 VAC, 1 m1n 

500 VAC, 1 min 

12VDC 

41nputs 12 VDC 
2 outputs 1 2 VOC/1 A 

Short-circUits and overloads (for discrete outputs) 

5 words in 5 words 1n 

5 words oU1 5 words oU1 

Hold or reset to zero 

32 

®'G'H"H*UI!.p 

24VOC 

Inputs 
Oto 10V 

Outputs 
Oto 10V 

6 inputs with common point 

Inputs 
-10to+10V 

Outputs 
-10to+10V 

4 outputs With common point 

8 inputs 24 VDC 
8 outpU1s 24 VOC/0.25 A 

Inputs: 14 bits 
Outputs: 14 brts 

lnpU1s: 0 75 ms (for 6 inputs) 
Outputs. 1 2 ms (for 4 inputs) 

12 words in 

12 words out 

33 

27 



Presentation, 
description 

r 
-~.~-~- ; :. :.- . 

····· . " . .• ~ ,·_:· ·>~~:· 

Charactensbcs : 
pages 29 to 33 

28 

---2 

References 
pages 34 and 35 

Modicon Momentum automation 
platform 
Analog 1/0 bases 

Presentation 
The Momentum analog input bases enable acqUISition of various analog values 
encountered in Industrial applications, including: 
• Standard high level(± 5 V, ±10 V, 1-5 V, 4-20 mA, ± 20 mA). 
• Low level (±25 mV, ± 100 mV). 
• Thermocouples (B, E, J, ... ). 
• Temperature probes (Ni ... , PI ... ). 

The analog output bases are used to control analog field devices such as variable 
speed dnves, proportional control valves, etc. The current or the voltage is 
proportional to the d1g1tal value defined by the user program. The outputs can be 
con!1gured so that when the program stops the outputs either reset to zero or hold 
the last value received. This feature is useful dunng debugging since, 1! the outputs 
are set to "Hold", the operation of the analog field dev1ces is not disturbed every t1me 
the program stops. 

In order to cover a w1de range of applications, Momentum 1/0 bases offer the 
following functions 1n add1t1on to AID or D/A convers1on: 
• Cho1ce of input/output ranges (voltage, current, thermocouple, temperature 
probes). 
• Select1on of number of channels used. 
• Cold junction compensat1on lor thermocouple modules. 
• Broken w1re detect1on (170AAI03000, 170AAI14000, 170AAI52040). 

Description 
170A• analog 1/0 base units compnse on the front panel: 
1 Internal Interface connector lor the communication module or processor module. 
2 A lock1ng and earth contact lor the communication module or processor module. 
3 LED status 1nd1cators (the number of indicators w1ll depend on the number of 

channels). 
4 Two connectors lor the removable terminal blocks. 
5 An grounding screw. 
6 A slot lor the power stnp 
7 Two screw holes lor panel mount1ng. 
8 A protective cover. 

Connectors to be ordered separately: 
• removable screw or spring terminal blocks 170XTSOO.OO. 
• 1 to 3-row screw or spring bus bar 170XTSOO. 01. 

D1mens1ons : 
page 35 

<®1G'9"Hf1.!H41 

Connect1ons : 
pages 36 and 37 

Schne1der Electnc 

• 

• 
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Characteristics 

Characteristics of analog input bases 
Type ol base units 

Number ol inputs 

LEOs 

Format of data 

Protection 

Ranges 

Conversion limes 

Enror Indication 

Isolation 

Common mode rejection 

Crosstalk between channels 

Base and actuators 

Input Impedance 

Error at 25 ·c 
Error at 60 ·c 
Resolution 

Channel to channel 

Fteld to ground 

Commumcatoon adapter to 
ground 

Channel to ground 

Modicon Momentum automation 
platform 
Analog 1/0 bases 

I 

lk.Q 
'% 
1% 

1
voc 
voc 
VAC 

170AAI03000 

11 x 8 differential 1nputs 

j Ready (green) 

! Full16 b1ts signed (2's complement) 
I 
l Polarity Inversion 

::t10VDC :t:SVDC 

l > 0.1000 > 0.1000 
:o.27 0.21 

032 0.26 

1 14 boiS+ sogn bopolar 
• 1 5 bois umpolar 

' 12 ms max for 8 onput channels 

4 ••• 20mA 
250 

0.27 

'0.38 

1 (1.33 ms per onput channel + 1 33 ms) 

None 

I : 200 for 1 monute 

I 500 for 1 monute 

j500 for 1 monute 

250 VAC@ 47 to 63Hz or 100 VDC 

i . 

:t:20mA 

250 

0.32 

. 0.41 

1 ..• 5VDC 

'>0 1000 
• 0.13 

:0.19 

!dB ,.;~>80 

Ex1emal power requirement Nomtnal 1 VOC . 24 
~L~,m~lt~v~a71u~e~s-------------4.~v=o~c~~:~2~0~4~t~o~2~8~.8~----------------------------------------------

Current mA i < 382 @ 24 VDC 

EMC lor Industrial ::lm:.:m=un:.:•ty:!_ ______________ +------'I:..;I::;EC::=-:::1,;,1:=:31,:,.::::su::::rgE.e::..=o::.n-=a-=ux:::':::ha::.ryw;.po::.w:::e:::r.:.s:.:u!:pp!:::l~y-=2.:;k.:;V ________________________ _ 
environment Emosslons :EN 50081-2 

~A-p-pr~o~va~ls~------------~----~~~U~L-.~C~SA~.~((~----------------------------------------------

References . 
pages 34 and 35 

Schneoder Electric 

Domenstons · 
page 35 

ConnectiOns : 
pages 36 and 37 

*'A'§:i!9£1ili·U 29 



Characteristics (continued) Modicon Momentum automation 
platform 
Analog 1/0 bases 

Characteristics of analog input bases (continued) 
Type of base unita 170AAI14000 170AAI52040 

Number of Inputs 

Format of data 

Protection 

Error indication 

Ranges 

Current source 

Update lime 

Error indication 

Potential isolation 

Common mode rejection 

Serial mode rejection 

Input protection 

Operating voltage 

Internal current 

Power dissipation 

Fusing 

Agency approvals 

References . 
pages 34 and 35 

30 

Base and aeluators 

Input Impedance 
Error at 25 ·c 
Error at 60 'C 

Temperature dnft (SO •q 
PE (Full scale) 

Resolutoon 
F1ltenng 

Pt100 

N1100 

Pt1000 
N11000 

Channel to channel 

Base power supply and ground 

Channels to ground 

Base power 

Common mode 
Channel to ground 
Common mode 
Voltage between channels 

Channel to ground 

Between channels 

Typ1cal 

Maximum 

Internal 

Extemal 

D1mens10ns : 
page35 

11 x 16 s•ngle-ended mput 

i Full16 bits sogned (2's complement) 
! 
1 Poianty 1nversoon 

jNone 

I :10 y :5V 4 .•. 20mA 

:kll ! >2200 . >2200 . < 0 250 

015% FS .Q15%FS 0.25% FS 

~ 0.25% FS · 0.25% FS :0.45% FS 

i'X.. 30 PE/ •c 30 PEt•c ] 60 PEt•c 

: 10V sv ; 16mA 

. 1 x 4 differential onputs 

2:2SmV 
> 10000 

±211JV 

±461JV 

2:100 mY 

> 10000 

12blts+s•gn 12bits+s.gn 12bots .15bots+sign 

· Low pass with cut-off frequency 10 kH2! ; -

rnA 

rnA 

•rnA 
•rnA 
! 
ms 

VDC 
IVDC 

IVAC 
,y 

!rnA 
t 

i-,_ 

1
1+1.5xn 
n = number of declared channels 

! None 

·Nona 
500 for 1 minute 

j1760 for 1 minute 

I "' 30 (voltage or current output) 

j250 VAC at 47 to 63 H2! or 100 VOC 
I 
1-

~-
1 Polanty 1nvers1on 

j305@ 24VDC 

;4.95 

:5.55 

· 2 A slow-blow 

j 500 mA fast-blow 
I 

! UL, U, CSA, FM Class I, OIV. II 

Connectoons : 
pages 36 and 37 

I 0.125 

:0.125 
I 

400 

0.125 

0.125 

• 500 for 1 m1nute 

500 for 1 m1nute 

± 30 (voltage or current output) 

· "' 100 DC, 250 AC 

200 DC. 115 AC songle phase or 3-phase 
or 250 AC smgle phase 

· 135dBDC, 145dBAC 50 H2!,155dBAC 
'60Hz 

120dSDC, 130 dB AC 50 Hz. 140dBAC 
; 60Hz 

• 35 dB AC 50 Hz, 45 dB AC 60 Hz 

3.5 

• 5.5 

' 2 A slow-blow 

; 500 mA last-blow 

(!}1AI§Ui§f'· 11·U Schneider Electric 
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Characteristics (continued) 

Characteristics of analog output bases 
Type of base units 

Number of outputs 

Format of data 

Protection 

Ranges 

Full scale 

Fail State 

Potential isolation 

Common mode rejection 

Operating voltage 

Internal current 

Power dissipation 

Internal fusing 

Agency approvals 

Relerences · 
pages 34 and 35 

Base and actuators 

Load Impedance 

Capac1~ve load 
Errorat25 oc 
Errorat60 oc 
Temperature dnfl (60 °C) 
Resolution 

Updatet1me 

Channel to channel 
Base power supply and ground 
Channels to ground 

Out protections 

Base power 

Base 
Actuators 

Typ1cal 

Max1mum 

D1mens1ons 
page 35 

Modicon Momentum automation 
platform 
Analog 1/0 bases 

IJF 
% 

I% 
j%. 

IVDC 

!vAC 

170AA012000 

! Full 16 bits s1gned (2's complement) 

! Polanty inversion 

' 
, :o: 10V 
j 1 mimmum 

I< 1 
10.2 PE 
I 0.25 PE 
i10PE/°C 

~ 12 bitS+ Sign 

0 ••• 20mA 
06 max1mum 

1 0.3 PE 

· 04 PE 
30 PE/°C 

1
10 V 1n the range of± 10V 
2 mA 1n the range of 0 .. 20 mA I Hold, reset to zero, reset to full scale 

I None 
1 500 for 1 minute 

' 500 for 1 minute 

170AA092100 

:o: 10V 4 .•• 20mA 
~ 1 m1mmum I 0.6 max1mum 

:0.2 PE !04 PE 
0.25 PE !0.5 PE 
10 PE/°C l 30 PE/ oc 

I Short-circuits 1n the voltage CircUits, open in current polanty 1nvers1on 

v ± 30 (voltage or current output) 

VAC 250 @ 4710 63Hz or 250 DC channel to ground 

VDC 124 

mA ;530@ 24 VDC 

mA 1150@ 24VDC 

' 

A 12, slow-blow 

UL, C(. CSA 

Connections 
pages 36 and 37 

Schneider Electnc ® 1G'9"H*uu.p 31 



Characteristics (continued) Modicon Momentum automation 
platform 
Analog 1/0 bases 

Characteristics of discrete and analog 1/0 bases 
Type of base unH 170AMM09000 170AMM09001 

Number of inputs and outputs 

Operating voltage 

Internal current 

Differential inputs tor 
170 AMM 090 00/090 01 

Discrete Inputs 

Analog outputs 

Discrete outputs 

Potential isolation 

Power dissipation 

Agency approvals 

Relerences : 
pages 34 and 35 

32 

1 x 4 dlfferent•al1nputs 
1 x 4 dtscrete inputs 

1 
1 x 2 analog outputs 

: 1 x 2 d1screte outputs 

24 12 

200 typ1cel (at 24 VOC), 350 max1mum 700 maximum (at 12 VOC) 

Conversion bme 

Conversion error 
2s•c 

so·c 
Resolut1on 

Convers1on consistency 

Common mode voltage 

Common mode suppresSion 

j% 

dB 

• (at24 VOC) 

' 1 0 ms for all channels 

:dO v :t 5 v 1 to 5 V 
0.08 0.16 j0.16 

14bits 13blts l12blts 

± 0.02 ' ± 0.04 l ± 0.04 
Input voltage start1ng at Ag :t 11 V 

>54 '80 

:t20mA 
0.16 

0.3 
13 bits 

'± 0.04 

4to20mA 

.0.16 

,0.3 
12 bits 

±004 

Over voltage 
Voltage ranges 

'V 

I 
, ± 30 solid state if voltage 1s 24 V 
j ± 50 dynamic max 100 ms 

"' 30 solid state K voltage IS 12 V 
"'50 dynamic max 100 ms 

Over voltage current ranges fmA >48 
Input resistance 1M 250 

Fad state Hold or reset to zero 

Voltage I VDC 24 typical, 30 maximum . 12 typical 

S1gnal Type True h•gh 

On Voltage +1110+30 

Off Voltage -3to+5 • 1.5 tO+ 2.5 

Input current · 2.5 m1mmum at state 1 (6 mA at operating voltage), 1.2 max1mum at state 0 

Input resistance 

Response t1me 2.2 from 0 to stele 1 
. 3.3 from 1 to stele 0 
r 

Resolution , 12 bits for s•ngle-phase measunng range 0 ... 20 mA, 12 bits for 2-phase measunng 
range± 10 V 

ConversiOn bme , ms 1 for all channels 

Convers•on ::'2::'-s-::·c:::----~-~-..max=:.:.·;:±...;0:-':.3::5~·;::-"'-o-:f-=up'-'p:ce:.;.r.;.;m.;.;ea=su;;;nn=g:..:r.::an"'g"'e"'v;.:;a71u::..:e:._ ___________ _ 
error 60 •c max.± 0.70% of upper measunng range value 

Output load "' 3 k.Q for voltage output, " 600 n for current output 
Voltage VDC i 24typ•cal, 30 maximum 

Type . Semiconductor 

S1gnal Type . True high 

Current capacity 1 per channel, 2 per group, 2 per module 

Leakage current : mA < 1 @ 24 VOC • < 1 @ 12 VDC 
On State Voltage drop , VDC < 0.5 @ 1 A '<0.5@ 0.5A 

Response t1me Off to On > ms • < 0.1 
~O~n~to~Off~--~-m-s--~;-<~0~1----------------------------------------------------

Output protection · The outputs are prolected aga•nst overload and shoned·Cifcuits 

Output 1ndtcator 1 red LED per "On" output 1n the event of an overload or shoned-c~rcurts 

Error message Message "110 error" on bus adapter 1f module 1S defecbve 

Max Swl!chtng cycles 1000/hr (inductive load 1 A), 100/s (reststwe load 1 A), 8/s (filament load 2.4 W) 

Otscrete mput and output None 

Analog 1nput to output ! 'None 
Analog 1nput and output and to I VAC 
operating voltage f 

: 500 for 1 m1nute 

· 500 for 1 m1nute Operanng voltage and allmputs ~ VAC 
and outputs from ground r 

! 
Typ1cal '4.0 

Maximum 6.0 

, UL, ((, CSA, FM Class I, Olv II 

D1mensions: 
page35 

Connect•ons . 
pages 36 and 37 

® 1A14"19¥''1'·W 

, UL,C£, CSA 

Schne1der Electnc 
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Characteristics (continued) Modicon Momentum automation 
platform 
Analog 1/0 bases 

Characteristics of discrete and analog 110 bases (continued) 

Type of base unit 170ANR12090 170ANR12091 

Number of inputs and outputs 1 1 x 6 analog 1nputs 
' 2 x 4 discrete inpU1S 
!1 x 4 analog outputs 
j 1 x 8 d1screte outpU1s 

Operating voltage jVDC 124, range 19 2 to 30 

Internal current jmA 1400@ 24 VDC 

Analog inputs Resolut1on 114 b~ 
Input range VDC ! Oto 10 1-1010+10 

Input type I S1ngle-ended 
Conversion t1me I 0 75 ms max1mum for 6 1npU1 channels 

Convers1on error : 0.2 "'o@ 25 ·c foro- 10 VDC inpU1s 

Max 1nput s1gnal !VDC , 15 for voltage 1nput 

Max temperature dnft lvDc : 10 1npU1s 

Input res1stance iMn > 1 for voltage 1nputs 
I I 

Discrete inputs Voltage VDC j24 

Configuration 12 groups of 4 inpU1s 

S1gnal Type i True h1gh 
M1mmum on voltage VDC I> 11 
Max1mum off voltage VDC ! < 5 
lnpU1 current M1mmum On 16 

Max1mum Off !2 
Input voltage Range 1+310+32 

Surge 145 peak for 10 ms 
Response time Off to On 112 

Onto Off 12 

Analog outputs ResoiU11on [14 brt 

Output range · Oto 10 -1010+ 10 

Convers1on t1me I 1.20 for all four channels 

Conversion error 1 max. + 0.4 "'o of upper measunng range value @ 25 •c 
Output load I> 2 kQ m1nimum@ 0 to 10 VDC 

Fall state I Hold or reset to zero 

Discrete outputs Voltage VDC 110-30 operat1ng, 50 for 1 ms max1mum 

Type I Solid State Sw1tch 

S1gnal type I True h1gh 
Current capacity jA J 0.25 per po1nt, 2 per group, 2 per module 

Leakage current [rnA I 0.4@ 30VDC 

Surge current lA i 2.5 for 1 ms 
On state voltage drop iVDC 1 < 0 4 @ 0 25 A current 

Response t1me Off to On lms j1.2 
On to Off ms 11.05 

Output protection 1 The Outputs are protected against overload and shorted-c1rcuits 

Output Jnd1cator 11 LED per p01nt 

Potential isolation Discrete 1npU1 to output I None 

Analog 1npU1 to outpU1 I None 
Analog input and outpU1 to VAC ! 500 for 1 m1nU1e. 
operating voltage i 
Operet1ng voltage and all1npU1s VAC 1500 for 1 minute 
and outputs from ground 

Power dissipation Typ1cal w 14.0 
Max1mum 

lw 1'. Agency approvals UL, C€, CSA 

References : Dimensions Connect1ons 
pages 34 and 35 page 35 pages 36 and 37 
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References 

170AAIHO.O 

IP .... 
6i a =:Z::C ..... 
• a 

' .... ::-:_:__...::::_-;::; .:·· 
170AA0e2.00 

..... • 
' 

nnnmmunnr_ · .. ---~_-: -- .. 
l• ---... 
\ •,... __ ;;:,~~:........:::,..~--·~, 
170AAM09000 

Charactenst1cs . 
pages 29 to 33 

34 

Dimensions : 
page 35 

Modicon Momentum automation 
platform 
Analog 1/0 bases 

Analog input bases 
Type of inputs Number of Ranges 

channels 

12 bits+ sign 16 single-ended ± 5 V, ± 10 V, 4-20 rnA 

15 bits+ sign 4, differential PI 100, PI 1000, Nl 100 
thermocouples B, E, J, K, 
N,R,S,T 

8, d1fferent1al ±5V,±10V,1-5V 
± 20 rnA, 4-20 rnA 

Analog output bases 
Type of outputs Number of Ranges 

channels 

12 bits+ sign 4 ± 10 V, 0-20 rnA 

± 10 V, 4-20 rnA 

Discrete and analog VO bases 
Type 
Inputs Outputs 

4dlfferentialanalog 2 analogs 
13 bits+ s•gn 12 bits 

4 discrete 2 discrete 
D.5A 

4 differential analog 2 analogs 
13 b•ts + s•gn 

4 discrete 

6analog 
14 bits 

2 x 4 discrete 

6 analog 
14 bits 
2 x 4 discrete 

Connect1ons . 
pages 36 and 37 

Ci)lijh§,i§£1.1!.(41 

12 bits 

2 discrete 
D.5A 

4 analogs 
14bits 

1 x 8 discrete 
D.25A 

4 analogs 
14 bits 

1 x 8 discrete 
D.25A 

Ranges 
Inputs Outputs 
±5V,±10V0-20mA 
1-5V ± 10V 
±20mA 
4-20mA 
24VDC 24VDC 

± 5 V, ± 10 V 0-20 rnA 
1-5 v ± 10V 
±20mA 
4-20mA 
12VDC 12VDC 

0-10V 0-10V 

24VDC 24VDC 

± 10V ± 10V 

24VDC 24VDC 

Reference Weight 
kg 

170AAI14000 0.215 

170AAI52040 0215 

170AAI03000 0.215 

Reference Weight 
kg 

170AA012000 0.215 

170AA09210D 0.215 

Reference Weight 
kg 

17DAMMD900D 0.240 

17DAMMD9001 0.240 

170ANR12D9D 0.240 

17DANR12091 0.240 

Schneider Eiectnc 

• 

• 
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References (continued), 

dimensions, 
mounting 

170XTS00100 

(ti{f.i(iif! 
\~ .......... -·;==== ! 
170XTS00401 

170XTSOOB01 

Ql' ·,;;;;;;;;:;:=» 
17DXTSD0601 

Charactensbcs , 
pages 29 to 33 

Schne1der Electric 

Connections· 
pages 36 and 37 

Modicon Momentum automation 
platform 
Analog 1/0 bases 

Accessories 
Description Composition Type of 

connection 

Terminal blocks Set of 3 connectors Screw 
1 row Spring 

Bus Bar 3 rows Screw 

Spnng 

2 rows Screw 

Spnng 

1 rows Screw 

Spnng 

Cable Grounding Used to connect the cable shielding 
Rail 

High vibration Used to prew~re the 1/0 base umts. 
environment clips Requ~res screw or spring connection 

terminals 

Replacement parts 
Description Use 

Sheets of labels 1 0 front labels for Momentum modules 

Set of coding and For screw or spnng connection tenn1nals 
locating device 

Dimensions, mounting 
170AM 
Rail or panel mounting 

~-.-. 

~~· 

Reference 

170XTS001 DO 

17DXTS00200 

170XTSOD401 

170XTS00301 

170XTS00501 
170XTS00801 

170XTS00601 

170XTS00701 

CER001 

170BDM09000 

Reference 

17DXTS10000 

170XCP20000 

!!~ 
Ei~l 

Weight 
kg 

Weight 
kg 

(1) 2 holes for M4 screws, for panel mounung (1) Eqwpment or enclosure. 

® 1A'9"Hf!."·U 35 



Connections Modicon Momentum automation 
platform 
Analog 1/0 bases 

Connections of analog input bases and analog output bases 
170AAI03000 

Example of external wiring of 2-wlre sensor 

2 

3 

VOltage •npot Current Input 

170AAI52040 

Example of external wiring of sensor 

Return 

Group of channels 

Internal wiring 

36 ® 1A19·B9£1rli·Q 

170AAI14000 
Example of external wiring of 2-wire sensor 

Group ol cllannels 

Internal Wiring 

, 170AA0120/92100 
Example of external wiring of 2-wire actuator 

Fuse 1 Fose2 
(2 A slow-blow) (2 A slow-blow) 

2 

SOOrnA 
last-blow 

fuse 

24V 

Return 

24V 

630mA 
last-blow 

Return 

~~9:=:=:rit:==~~:=:j-i~Hr~ luse 

3 

Group Of cllannets 

lnlemal wmng 

250rnA 
last-blow 

fuse 

Schne•der Electnc 

• 

• 

• 
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Connections 

Connections of discrete~ and analog bases 
i 1701\_M,~fl.<IOO L AM_M~1- ~· ---
Example of external wiring of 2·wire sensor 

Modicon Momentum automation 
platform 
Analog 1/0 bases 

-"' <~ -- ~-~ -~· ~-~"- • 

Example of external wiring of 2-wire actuator 

(1) {1) 
325mA (I) 325mA (1) 

2 las!· Relum last· Return 
blow 
fuse 

SA 

3 las!· 
blow 
lose 

L..J EXIemalbl'ldgo 

"1 Group ot channels 

Internal wmng 

!!i~M:Mo~i A¥~Cl9!1i11cE"1il1~9dL:.~ .. 
Example of external wiring of digital sensor/actuator 

(f) 

·· ·•· . l32smA 

:-dN~~~ ;-~N -
:J !!l .:J !!l :J ~ :J i2i 0 0 0 0 ::: 2! !2 S: M- L+ blow 
a ~ ,a ~· a " ~ a a c .,,..... a .a a '- f !use ,......- I 

coco I I I £2 + :!:; ~ ~ ~ ~-"' I I SA ::: + Ill + 
;=a ;J~ ;5j ; ill 

........ 0 0 ~ ~ l+ las!· 
,a d .......,._._ 0 ,. --- ' lllow 

I !use 

lA 

1L+ 
las!· 
lllow 

,.;--
1M- fuse ,.. 
PE 

1 I' 

I I . -l. 
~~· -~~ ru~PEI 
4~'Nire sensor 3--Wire actuator 

--; Group of channels 

Internal wmng 

(1}:::::24 Vfor 170AMM09000, = 12 V for 170AMM09001 
(2} Depenc/Jng on appltcatton, max 5 A. 

(f) 

Ret um 

Schneider Electnc ® 1"'9"H*!. 11·U 

2 blow 
I use 

SA 

3 fast· 
blow 
fuse 

-~ Group ol channels 

Internal winng 

[1~~J!i.2oliof91= _. _ 
Example of mixed discrete snd analog 110 sensor/actuator field wiring 

37 



Selection guide 

I Product type 

I L.---ul-arity------~-np_ut_c:han_c:han_nets_ne_ts __ _j 

I 
Input characteristics Counter inputs ! 

Discrete inputs I 

L---~---' 
Counter outputs 

Discrete outputs 

[Type of module I 
____ ...:_-'---', ____ j 

38 

Modicon Momentum automation 
platform 
Specialty module 1/0 bases 

24VOC 

2 Independent, high·speed (10 kHz·200 kHz) counters 

6 (3 per counter) True High Inputs 

4 (2 per counter) True High Outputs 

5 VOC dtfferential input, 200 kHz counter; 24 VOC stngle-end input, 10 kHz counter 

6 (2 x 3) 24 VOC inputs: 
- voltage range. • 3 to + 30 VOC 
• response 11me, 3 ms Off to On or On to Off 

TWo 5 VOC dtffarentlal outputs min 20 mA@ 24 VOC 

4 (2 per counter) 24 VOC outputs. 
• on current, 0.5 A per point. 1 A per counter 
- response time. < 0.1 ms Off to On, < 0.1 ms On to Off 

45 V peek for 10 ms 

5Afor1 ms 

41 

*'m'3,i'9fl·11·U Schnetder Electnc 
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• 

120VAC 

' AS 485 2- or 4-Wlre Modbus port 

6 True H•gh Inputs 

• i group 
- vottage range, 132 VAC 
- response time. < 12.3 ms @ 60 Hz On to Off, 

< 12.5 ms@ 60Hz Off to On 

3 solid state SWitch•ng outputs (120 VAC @47 to 63Hz): 
- on current, 0.5 A conllnuous per point, 1.5 A continuous per module 
-response ~me:< 12.3 ms@ 60Hz On toOl!,< 12.5ms@ 60Hz Off to On 

.41 

• 
Schneider Electnc <f>1AI9,'96110·G 39 



Presentation, 
description 

Charactenstics: 
page 41 

40 

References: 
page 42 

Modicon Momentum automation 
platform 
Specialty module 1/0 bases 

Presentation 
The Momentum specialty module 1/0 bases prov1de support for un1que applications 
that broaden the range of the Momentum offering. The specialty modules are: 
• a 2-channel, High-speed counter module base -170AEC92000. 
• a 120 VAC, 6-poin1 input/3-point output module base with a Modbus 
commun1cat1on port- 170ADM54080. 

High-speed counter 
The 170AEC92000 htgh-speed counter module base features 2 independent 
counters, along with 6 discrete 1nputs and 4 discrete outputs. This base can connect 
directly to either 5 VDC differential or 24 VDC smgle-ended encoders. The base 
supports two operating modes: 
• Incremental (up counter, down counter, and quadrature) 
• Absolute (SSI up/down counter). 

The htgh-speed counter module can be connected directly to many standard 
communication networks, for communicating with programmable controllers. 
industrial computers, and other controllers, by install1ng one of the snap-on 
Momemum communication adapters onto the base. 

Input/Output module with Modbus communication port 

The 170ADM54080 input/output module base has 6 discrete inputs and 3 discrete 
outputs for direct connection to 2- and 3-wtre sensors and actuators. plus a Modbus 
communication port for connection to senal devices. 

This module can also be used as the 110 base for a programmable controller, 1n either 
a standalone or d1stnbuted 1/0 configuration, by installing one of the snap-on 
Momemum M1 processor adapters. 

Description 
A specialty module 1/0 bases consists of the following components: 
1 Internal mterface connector for the cornmunicat1on module. 
2 Lockmg and earth contact for the adapter. 
3 LED status d1splay. 
4 Two connectors for the removable termmal blocks. 
5 Groundmg screw. 
6 Groundmg busbar mount1ng slot. 
7 Mountmg holes for a panel mount. 
8 Protective cover for fuses (170ADM54080) or connector for the removable 

terminal block. 

Connecttons 
page43 
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Characteristics Mod icon Momentum automation 
platform 

• Specialty module 1/0 bases 

Characteristics 
Model No. 170AEC92000 170ADM54080 

Number oll/0 Counter 12 Independent 1-
Inputs 12 x 3 discrete ! 1 x 6 discrete 

Outputs i 2 x 2 discrete i 1 x 3 discrete 
I 

Discrete inputs Operating voltage v i24DC i 120AC@ 47to 63Hz 
I 

Input Range IV !·3to+30DC Oto132AC 

Surge 
IV 

145 peak for 10 ms i 200 AC for 1 cycle 
I I I 

Input current On lmA 1 2.5 m1n1mum 15Smlmmum 

Off lmA ! 1.2 maximum ;1 9maxlmum 
f 

Sw1tch1ng level IV I 11 DC m1mmum on voltage j79 AC m1mmum on voltage 
I I 5 DC max1mum off voltage 20 AC max1mum off voltage 

Response t1me Off to on fms .3 < 12.5@ 60Hz 

Onto off lms '3 
I 

! < 12.3 @ 60 Hz 

S1gnal type , True H1gh 
! 

Discrete outputs Operating voltage v 24DC 120AC@ 47to63Hz 
I 

S1gnal type I True H1gh 

On state voltage drop <05DC@ 05Acurrent I < 1 5 AC @ 0 5 A current 
I 

Fauh sens1ng I I Overload and short c~rcu1t ; 1 fuse, 2.5 A@ 250 VAC 

• I I I 
Current capacity 'A : 0.5 per po1nt I 0.5 conbnuous per po1nt 

A 11 per counter 
A 12 per module : 1.5 continuous per module 

Current Leakage mA ]<1@24VDC 11.9@ 120VAC 

Surge lmA j5Afor1 ms 130 mm1mum 
I 

Response t1me Off to on jms i < 0.1 i < 12.5@ 60Hz 

Onto off lms I< 0.1 i < 12.3@ 60Hz 
I 

Counter inputs Incremental counters I I Up counter, down counter, quadrature 1-
I 

Absolute SSI counter I 1 Up/down counter With 4 sub-modes ~-
I 

Input s1gnals VDC 15 d1fferent1al input 1-
24 s1ngle-ended 1nput 1-

Counter speed (max) kHz j200, d1fferent1al 1nputs 
!= 1 1 0. single-ended inputs 

Counter capac1ty 124 bits plus s1gn per counter 1-
I 

Counter configuration J V1a communication adapter (8 input ,_ 
words, 8 output words) I 

Modbus port Type I j- I RS-485, 2- or 4-w~re 
I 

Commumcat1on rates j bills 1- 1 19200 and 9600 
I 

Format I 
,_ 

8-bit RTU /7-bit ASCII 
I I 

Modbus address range I 
,_ 

• 0 to 247 
I 

T1me-out lms 1- ! 150 alter transmiSSion 
I 

Current consumption mA 260 )125@ 120 VAC 

i 
Agency approvals UL, C(, CSA 

• 
References. Connections. 
page 42 page 43 
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170AEC92000 

170ADM54080 

Charactenst1cs: 
page 41 
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Connections 
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Modicon Momentum automation 
platform 
Specialty module 1/0 bases 

Modules 
DescrlpUon Characteristics 

High-speed counter 2 Independent counters 
Module Base 

VO module base with RS 485 Modbus port 
Modbus communication 6 1nputs, 3 outputs 
port 
Replacement parts 
Description Use 

Sheets of labels 10 front labels for 
Momentum modules 

Documentation 
Description Use 

Momentum VO bases User gwde for. 
170AEC92000 

170ADM 4080 

Reference 

170AEC92000 

170ADM54080 

Reference 

170XTS10000 

Reference 

870USE00800 

870USE00200 

Weight 
_k!l_ 

0.210 

0 240 

Weight 
kg. 

Weight· 
kg 

Accessories. Termmal blocks, bus bar, cable groundmg rail and discrete input Simulator, see 
page 19. 

Schne1der Electnc 
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Connections 

Connections 
170AEC92000 

A 2-encoder and input/output field wiring example 

Counter 1 Counter 2 Counter control 
1nputs 

A2• 82+ Z2+ 02• 11 

Modicon Momentum automation 
platform 
Specialty module 1/0 bases 

Fuse 

o c o o o o 0 ---t--1=::1-- + 24 VOC Power for module 
6 7 e 9 10 11 -Return for module 

~ID---=---::..___:_=----=----:._.:~~::::::J----

~-hE3-- • 24 VDC Power for Inputs and outputs 

rr,=:~~tij_::_::_..:.!:=:!::::!::::::~~i_:.:.],;,t;;;,f,;l~:!:::=:l---- -Return for inputs and outputs 

~-+-E=3-- + 5 to 30 VOC power lor encoders 
- Return for encoders 

L_~~~~~~~~~~~--

Encoder With 
d•fferent1al 1nput 

170ADM54080 

Encoder with 
single ended 
1nput 

~~--~-~ 

A Modbus device and lnput/ou1pu1field wiring example 

I 
Fuse 1 Option 

1 I 

n~~~GND 11 12 13 14 15 16 2N 
2 D 

""" 
D D D D 

3 I D 

II 
'--
i: .9 0 z 
:! ~ "' 

-
Modbus Devace 
RS485 

Charactenst1cs: 
pages 41 

Schne1der Electnc 

D 

I ........ 

01 02 

D 
D// 

0 

"'\ 

I 
L N PE 

D 
J.wire actuators 

References 
page 42 

03 

0 0 0 0 

" I 
IN . PE 

4P--
J.wlre sensors 

0 

"'120V 

I 
Return 

"'120 v 
Return 

'V1 

2N 2N 2N N l1 
1200 rnA D D 

D T T slow-blow 
fuse 

I 

1N 1L1 I 2A 0 0 0 T T slow-blow 
I use 

I ~ 

PE 

Jl I 
:-

<® 1A'9"Hf!."·@i 

20V 

Return 

43 



Selection guide 

~- ... - ... l 
'.:jp1 _j 

Topology - Physical intertace 

Method of access 

Bit rate 

Medium Type 

I 
Topology 

I 
Redundancy -I 

~ 

!"""·~---..... ,_ I 
r:imum ten~h l 

~ 
I Type of communicating module 
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Modicon Momentum automation 
platform 
Communication adapters 

Communication adapters for ~i TCPnP --, 

!!7IT6YI7UTITIT01_1_::::_) 1/?i:litd,ylt~;l~ 
-:_: -,- ,:.:::r: -- ! . 

f'!'".!Jl'f!nT!Hln ___ •_ ''kca'dY.:"''--: 
f!: .:--" ~' "'.::.::"~*" i 

: ... f'4 1" ... "~~:~)f 

Ethernet TCP/IP 

Transparent Ready Class 

A10 820 

IEEE 802,3 standard 

CSMA.CD 

10M biUs 10/100 MbiUs 

Twtsted pair CATS 

Star 

No 

64 

1000 m per segmant 

,~®2 II uWffi1U"iliXDThJ 

49 

Schnetder Electnc 

• 

• 

• 



• 

: INTEABUS INTEABus VO bus 

'SUPI3 SUPI2 

DIN 19 258 standard 

, Master/Slave 

'500 K brtls 

• Flberopllc Tw1stedparr 

Ring 

No 

.w per lnstallallon-remote bus module (up to 254 bus terminal modules) 

12800 m 

57 

• 
Schnerder Electnc Cf) 1 ti!13.1'9*""·W 

Communication adapter 
for Profibus DP bus 

Profrbus OP 

' EN 50170 standard 

: Master/Slave 

12 Mbil/s ••• 9.6 K brtls 
, depending on length 

l 

! Twisted pair 

Multidrop, nng 

No 

32 wiihout repeater 
126 wilh repeaters 

1200m 

59 

Communlcatlo~ adapter 
for DevlceNet network 

.CSMA-CD 

500 KbrVs 

Multidrop 

64 

500 m wilh repeaters 

61 
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Per segment ""~ 

Overell 
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Modicon Momentum automation 
platform 
Communication adapters 

Communication adapters for Modbus Plus network _:__ ~ 

c:I=EC:::...::D=ata=-:.Fonnat===----------------'l ·· 1984 Data Fonnal I 

Modbus Plus 

Modbus Plus 

Token bus 

1 Mbtlls 

TWISted pair 

No Yes 'No 

32 

&4 (without repeaters) 

5 000 m with repeaters 
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• 
Communication adaple!Sfor Fiplo buS, 

forTSX~7andApril~ t-l~,for~~~~m~lu~m~PL~C~·a~------~----~ 

Fop1o 

1 Token bus , Bus managed by bus afbitrawr 

11 Mbolls '1 Mb1IIS 

: Twisted pa1r 

• ' 

1 s Ooo m wiih repeaters· 

• 
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Modicon Momentum automation 
platform 
Ethernet TCP/IP communication adapters 

Presentation 
The Modei170ENT11002 and 170ENT11001 Ethernet commumcation adapters for 
the Momentum 1/0 product line prov1de a d1rect connection to Ethemet-based 
networks for the entire fam1ly of Momentum 1/0 modules. This connectivity enables 
communicalions with a full range of Ethernet TCP/IP compatible control products that 
includes programmable controllers, industrial computers. monon controllers, 
operator control stat1ons. host computers, and other controls. Th1s communication 
network provides a flexible, cost-effective solution for communicating factory floor 
information to vanous layers of an integrated manufacturing fac1lity. 

The 100BASE-TX Ethernet communication adapter, the 170ENT11001 (and the 
10BASE-T adapter, the 170ENT11002) are single adapters designed to plug on to 
any of the Momentum Input/Output module bases, and conform to the requirements 
of the Ethernet commumcat1on network. 

The Ethernet IP address1ng scheme allows an unlimited number of Momentum 1/0 
modules or connections on the network. Us1ng standard Ethernet hubs, routers, and 
bndges, the performance and distance capability of the Ethernet network can be 
tailored to meet the requirements of almost any control application. 

The Ethernet comrnumcation adapter uses the standard Modbus message structure 
and control commands over the TCP/IP protocol, which Simplifies rmplementat1on by 
control engineers while providing information that can be commumcated over 
standard network media to all enterpnse applications. 

Srnce Modbus on TCP/IP over Ethernet is supported by Schneider Electnc's 
Quantum and Premium controller families, Momentum 1/0 can be added to ex1strng 
control systems where additional 1/0 capac1ty of a distributed 1/0 sub-network is 
needed. 

The Ethernet communrcation adapter requrres connection to a BOOTP server for 
sett1ng the module's IP parameters. including its own umque IP address, default 
gateway, and sub-net mask, all of which 1S stored in the commumcation adapter's 
flash memory. Schneider Electric's automabon bus1ness offers BOOTP Lite Ethernet 
software as a free download from the Telemecanique Internet web site 
www.telemecan1~. 

Description 
The 170ENT1100. Ethernet commumcatron adapters comprises on the front panel: 

Ethernet RJ45 connector for 100BASE-TX interface for 170ENT11001) or 
10BASE-T Interface for 170ENT11002). 

2 Area for Label (label shrpped wrth 1/0 base). 
3 LED Status Indicators comprising for the 170ENT11002: 

• Run (green), module health, 
- LAN Act1ve (green), Ethernet network status. 

LED Status Indicators comprising for the 170ENT11 001: 
• Run (green), module health, 
• 10T (green), 10M brt/s network activity, 
• 100T (amber), 100M bit/s network actrvrty, 
• ST (green), Ethernet network status. 

Schne•der Electnc 

• 

• 

• 
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Characteristics, 
references 

Characteristics 
Model No 

Communication network 

Media 

Communication rate 

Distance 

Connectors 

Modicon Momentum automation 
platform 
Ethernet TCP/IP communication adapters 

170ENT11 002 170ENT11001 

i Ethernet TCP/IP 

'10/100 

r m <tt.> I 1 oo (328! per segment 

I RJ45, 10BASE-T , RJ45, 100BASE-TX 
I 

Transpa~ntReadyseNices ~C~Ia~ss~~~------------+-----~~~A~1~0------------------------~~~B~2~0~~--~----~~--~~---
Standard Web server 1 i "Rack V1ewer" access to the product 

Adapter configuration 

Flash memory 

Error checking 

Error and fall states 

Add~ssing 

Mode of operation 

Topology 

Packaging 

Indicator lights 

Power source 

Hot swapping of modules 

Agency approvals 

References 

.. . ~. (( 

170ENT17002 

Schne1der Electric 

Standard Ethernet TCP/IP 
communication serv1ces 

I' description and status and to base unit 
d1agnost1cs 
"Data ed1tor" access to the configurabon 

! functions and vanables 

I Modbus Messag1ng (read/write data words) 

i BOOTP server to ass1gn IP parameters 
I 
! 128 K for IP parameter storage 
1 CRC-32 error check 

I Fa11 safe 

: FOR chant for automatoc ass1gnment of 
j the IP address and network parameters 

SNMP agent, detect1on of the product by 
! an SNMP manager 

! Umque IEEE global address, IP address user assigned 

I Master slave, peer-to-peer 

I Multi-drop bus, star 

I Standard momentum communications adapter enclosure- IP 20 environment 

I Run and aebv1ty lights I Run, 10Mblt/s, 100Mbit/s,andstatuslights 

I Power supply on-board the 1/0 base 

!Yes 
UL, C£, CSA, FM Class I, D1v. II i UL, C£, CSA 

I 

i 

Communication adapters 
Description Communication rate Reference 

Ethernet TCPnP 
communication adapters 

Accessories 
ConneXIum cabling system 

Transparent Ready Class 
{1) 

10M biUs 
A10 

10/100 M b1Us 
620 

BOOTP Lite Ethernet Software 

Ethernet TCPnP 
communication adapter user guide 

170ENT11002 

170ENT11 001 

See page 78 

Download from 
ww.w.leJ~:m.e.l;.ani~.P.m 

See page 97 

Weight 
kg 

0.070 

0.070 

(1) Transparent Ready Class A 10 and 820, for more details, consult our catalog 'Transparent 
Ready, Ethernet TCP/IP and Web technologies" 
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Modicon Momentum automation 
platform 
Modbus Plus communication adapters 

Presentation 
Modbus Plus communicalton adapters for the Momentum 1/0 product line can be 
plugged into any Momentum 1/0 base to create a functional 1/0 untl on the Modbus 
Plus bus, and to provtde a dtrect connection to the Modbus Plus Network for the full 
family of Momentum 1/0 modules. This connecltvtty enables communicaltons with all 
of the Modbus Plus compaltble control products - tncludtng programmable 
controllers, tndustrial computers, operator control stations, drive systems, and other 
controls -to provtde a flexible, cost-effecttve solution for dtslnbultng 1/0 modules 
throughout a large area. To expand the capabiltttes of the Modbus Plus Network for 
distributed 1/0 applicaltons, the communicabon adapters have been designed to 
permit up to 64 Momentum 1/0 modules to be connected to the network Without the 
need for signal repeaters. 

Each Momentum 1/0 module is an indivtdual node on the Modbus Plus network wtlh tis 
address user-selected on the dual rotary switch on the front of the communicatton 
adapter. The Momentum 1/0 modules can be configured for the network, and 
asstgned program reference numbers, by using either the Peer Cop function or the 
MSTR function block tnstruction in the programmable controller or the Mod bus Plus 
configuration tn an tndustnal computer. 

There are four types of communication adapters avatlable: 
• 170PNT11020, Single Port, IEC Data Format 
• 170PNT16020, Redundant Port, IEC Data Format 
• 170NEF11021, Stngle Port, 984 Data Format 
• 170NEF16021, Redundant Port, 984 Data Format. 

IEC Data Format 

Thts version of the Momentum Modbus Plus communication adapter communtcates 
1/0 data to the programmable controller in the IEC data format, which has bit 
numbering 0 through 15, right to left, withtn the data word (t.e., input or output number 
1 is bit number 0). 

984 Data Format 

This version of the Momentum Modbus Plus communication adapter communicates 
1/0 data to the programmable controller in the traditional 984 data format, which has 
bit numbering 1through 16, left to right, within the regtster (i.e., tnput or output number 
1 ts btl number 1 ). 

Stnce Modbus Plus is supported by the Quantum and 984 controller famtlies, 
Momentum 1/0 can be added to existing control systems where addiltonal 1/0 
capactty or a distnbuted 1/0 sub-network ts needed, because of requirements for the 
control system. See page 52 for typical control systems using Momentum 1/0 modules 
on the Modbus Plus network wtlh programmable controllers and industnal computer 
systems. 

• Telemecanique Schnetder Electnc 
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Description, 
characteristics 

Description 

3 2 

Characteristics 
Type of module 

Communication network 

Master PLC on the network 

Structure Type 

Redundancy 

Topology 

Transmission 

Medoum 

Data Format 

Number of Momentum devices Per segment 

Maximum 

Power source 

Behavior in the event of a communication error 

Services 

Agency approvals 

Schnetder Electnc 

Modicon Momentum automation 
platform 
Modbus Plus communication adapters 

Each 170 PNT/NEF communication module comprises: 
1 Three indicator lights (LEOs): 

- MB +ACT indicator light (green): module powered up or communicating. 
• ERR A 1nd1cator light (red): commumcation error network A. 
- ERR B 1nd1cator light (red): commumcation error network B. 

(for redundant model). 
2 A 9-way male SUB·D connector for connecting to the Modbus Plus network. 
3 A 9-way male SUB·D connector for a redundant Modbus Plus network. 
4 A slot for an identification label (supplied with all I/O sub-bases). 
5 Two switches for codrng the slave address on the bus. 

170PNT11020 
! Modbus Plus 
I 

170PNT16020 170NEF11021 170NEF16021 

I Quantum, Premtum ; Quantum 
! 

l Quantum, Compact 984 

' I lndustnal 

No ! Yes i No 
I 

Mulb-drop, devtces connected using extensoon cable or tap-off cable 

Twosted prurs 

IEC Data Formal 1984 Data Format 

131 connection points 

163 for all segments 

Yes 

I Doscrete 110. forcong to state 0 I Analogue 110 configurable (maontaon value, fallback to 0 or full scale value) 

I ConfiguratiOn. Peer cop and MSTR function block, •peer-to-peer" mode 

! UL. C€, CSA. FM Class I, D1v. II i UL. ((, CSA 

I I 
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Cabling system 

Charactenst1cs: 
page 51 

52 

Aelerences· 
page 53 

Modicon Momentum automation 
platform 
Modbus Plus communication adapters 

Network topology 
Momentum 110 modules In a distributed control system 

6 4 

Momentum 110 modules with Modbus Plus double cable in a distributed and 
redundant control system 

2 3 

16 

140CRA21110: Quantum Modbus Plus drop interface and power supply, single
cable support, 115/230 VAC. 

2 140NOM21200: Quantum Modbus Plus head-end interface, redundant support, 
tw1sted pa1r cable. 

3 140NOM25200: Quantum Modbus Plus Head-end Interface, s1ngle-cable 
support, fiber optic cable. 

4 170PNT11 020 or 170NEF11 021: Momentum Modbus Plus commun1cat1on 
adapter, non-redundant network. 

5 170PNT16020 or 170NEF16021: Momentum Modbus Plus communtcation 
adapter, redundant network. 

6 416NHM21233: Modbus Plus type Ill PCMCIA Card, single port; 
Or 416NHM21234: Modbus Plus type Ill PCMCIA Card, stngle port, "plug and 
play". 

7 990NAD23000: Modbus Plus tap, lP 20. 
8 990NAD23010: Modbus Plus tap, lP 65. 
9 990NAD21110 /30: Modbus Plus drop cable (lengths: 2 or 4 or 6 m). 
10990NAD21510: Modbus Plus ruggedized tap programming Cable, 3.05 m. 
11170MCI 020 I 021-: Modbus Plus RJ45 cable (lengths: 0.25, 1, 3 or 10 m). 
12170XTS02000: Modbus Plus "T" connector (DB9 base). 
13 490NAA2710.: Sandard Modbus cable (lengths: 30, 150, 300, 450 or 1500 m). 
14 990NAD23011: Modbus Plus ruggedized tap terminators. 
15170XTS021 00: Modbus Plus RJ45 terminator. 
16416NHM30032: Modbus Plus PCI PC adapter Card, dual ports. 

MAI§ .. IJih!!.tui Schne•der Electnc 
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References 

170PNT11020 I NEF11021 

~ .. '5~ ... ~-.."';.'4":..'-).~ !:::=i~L: ",, 
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170PNT160201 NEF16021 

ASMBKT085 

Charactenst1cs· 
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Schneider Electnc 

Modicon Momentum automation 
platform 
Modbus Plus communication adapters 

References 
Description Connection Item 

(1) 
Bus master Reference Weight 
PLC kg 

Communication adapters Non-redundant Modbus Plus network 
lor Momentum UO sub-

4 Premium, 170PNT11020 
Quantum 

bases Compact984 170NEF11 021 
Redundant Modbus Plus network Quantum 170PNT16020 

Compact 984 170NEF16021 

Description 

Modbus Plus taps 

Terminator connector kit 
(set of 2) 

Connection cables 
Description 

Standard Modbus Plus 
cables 

Use 

IP 20 JUnction box 
for tap-off connection "T" 
IP 20 JUnction box 
for tap-off connecbon "T", 
connect1on of cable on screw term1nal 
block w1th one RJ45 connector in front 

Modbus Plus Tap (IP 20), 
standard Modbus cable 
w11h one RJ45 connector 1n front 
IP 20 "T" w1th 2 RJ45 connectors for 
Modbus cable and one 9-way SUB-D 
connector for tap link dev1ces 

2 Impedance adaptors for box (IP 20) 
990 NAD 230 20/21 

2 Impedance adaptors for box (IP 20) 
990 NAD 230 10 

2 1mpedance adaptors for tee (IP 20) 
170 XTS 020 00 

Use 
From To 
T-Junctlon box T-junction box 
990 NAD 230 00, 990 NAD 230 00, 
990 NAD 230 11 990 NAD 230 11 

Mounting Item 
on (1} 

7 

DIN profile -

Panel 

Panel 8 

12 

14 

15 

Item 
{1) 

Length 

13 30m 

150m 
300m 

450m 

1500m 

Modbus Plus cable lor 
RJ45 

"T" 170 XTS 020 00 "T" 170 XTS 020 00 11 0.25m 

1m 

3m 

10m 

Modbus Plus Drop cables Commumcat1on T· Junction box 9 2.4 m 
modules 990 NAD 230 00/10 6m 
for Momentum 1/0 
sub-bases 
170 PNTINEF 

Description Use Length 

From junction box To equipment, cable outlet 
ol9-way SUB-D type connectors 

Modbus Plus Drop Cable Fly1ng leads Left s1de 

R1ght Side 

Connecting accessories 
Description Use lor 

RJ45 Crimp tool Crimp1ng the RJ connectors 

9-way female SUB-D 
connector 

Wiring tool 

Commumcalion module connect1on 

F11t1ng trunk cables and drop cables 1n local s1te tap 

Other connection accessories 

(1) Item, see page 52 . 

• Telemecanique 

24m 

6m 
24m 

6m 

Reference 

990NAD23000 

990NAD23020 

990NAD23021 

990NAD23010 

170XTS02000 

990NAD23022 

990NAD23011 

170XTS02100 

Reference 

490NAA27101 

490NAA27102 
490NAA27103 

490NAA27104 

490NAA27106 

170MCI02110 

170MCI02136 

170MCI02120 

170MCI02180 

990NAD21110 
990NAD21130 

Reference 

990NAD21810 

990NAD21830 

990NAD2191 0 

990NAD21930 

Reference 

490NAB00010 

ASMBKT085 

043509383 

See page 77 

Weight 
kg 

0.230 

0.650 

0.260 

Welgh1 
kg 

Weigh1 
kg 

Welgh1 
kg 
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Premium 

Bus Fiplo 

Modicon Momentum automation 
platform 
Fipio communication adapters 

Presentation 
The F1p10 communication adapter can be plugged mto a Momentum 1/0 base to 
create a functional I/O umt on the F1pio bus, and to prov1de a d1rect connection to the 
F1pio Network for the full family of Momentum 110 modules. This connectiVIty enables 
the Momentum 1/0 to be used along with other F1pio compatible control devices, 
1nclud1ng industrial computers, operator control stations, dnve systems, and other 
controls, to prov1de a flexible, time-cntical, cost-effect1ve solution for d1stribubng 1/0 
modules throughout a large area. 

There are two types of commumcai!On adapters available: 
• 170FNT11 001 (1 J for a F1p1o bus connected to a Premium PLC. 
• 170FNT11 000 for a Fipio bus connected to TSX 7 series CPUs or APRIL 5030 and 
5130CPUs. 

Each Momentum 1/0 module is an individual node or deVJce on the F1plo network with 
its address set by the user on the dual rotary switch on the front of the communication 
adapter. Fip1o is a network that can have up to 128 slave deVJces. The Fip1o network's 
distance and communication capabilities range from 1000 meters (3330 ft.) to 1 5000 
meters (45000 ft.) With repeaters over twisted pair cable at a data rate of 1 M bills. 

{1) The Fipocommurucattonadapler170FNT11001 does not support the 170ADM54080 VObase 

Mage/Is 

/';::' 
-~ 

f 2;~!1!~!1~ 
Momentum 110 modules Third-party products Momentum 110 

modules 

Description 
The 170FNT11 0011 commumcation module comprises: 
1 Three ind1cator lights (LEOs): 

• Ready Indicator light (green): module powered up or in service. 
• COM indicator light (yellow): data being sent or received. 
- ERR ind1cator hght (red): faulty dev1ce. 

2 A 9-way male SUB·D connector for connecting to the Fipio bus 
3 A slot for an identification label (supplied with all I/O sub-bases). 
4 Two switches for codmg the slave address on the bus. 

<i>1AH·04¥1
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Characteristics, 
references 

Characteristics 
Type of module 

Communica1ion bus 

Bus manager PLC 

Structure 

Transmission 

Type 

Topology 

Length meters 

Access method 

Bttrate 

Madra 

Number of Momentum devices Per segment 

Maxrmum 

Behavior in the event of a communication error 

Agency approvals 

References 

··... -... :--.... --:::--
~:.-.. 

170FNT11001 I 00 

' TSXFPACC12 

TSXFPACC14 

TSXFPACC4 

Schnetder Electnc 

Modicon Momentum automation 
platform 
Fipio communication adapters 

170FNT11001 170FNT11 000 

I Fipto 

j Premtum i TSX Senes 7, model 40 or April5000 

[Open industnai, conforming to the WorldFip standard 

Devrces connected usrng extension cable or tep-off cable 

11,000 to 5,000 depending on the medrum used 

I Producer/consumer pnnctpie, managed by a bus arbiter 
I 

I Shtelded twrsted parr cable 150 0. Ftbre optrc 62.5/125 or 50/125 wtth electricalloptrcal 
repeaters 

131 connectton potnts (wtthout repeater) 

197 on all segments ; 61 on all segments 

i Drscrete 1/0: ton::tng to state 0 

I Analogue 1/0: conltgurable (ma~ntatn value, fallback to 0 or lull scale value) 

j Other charactenstics, consult our catalog Pramtum automabon platform 
l I UL,C€, CSA 

Description Connection Bus manager PLC Reference 

Communication Fipto fteld-bus on Premtum 170FNT11001 (1) 
adapters for Momentum 1/0 
Momentum sub-bases 
110 sub-bases TSXSerres7, 170FNT11000 

Model40, 
Apnl5000 

Description Connection Bus manager PLC Reference 

Female connectors On 170 FNT 1100. Black poly carbonate TSXFPACC12 
(9-way SUB-D) 

Bus connection 
boxes 

communtcatton IP20 
module Zamac TSXFPACC2 

Matn tap-off cable Black poly carbonate TSXFPACC14 
IP20 

ZamaciP65 TSXFPACC4 

Weigh! 
kg 

0.110 

0.110 

Weigh! 
kg 

0.040 

0 080 

0.120 

0660 

Tap-link cables 8 mm, 2 shtelded 100m TSXFPCC100 5.680 
twisted parr 150 0 -::20:::;o=-m-------:T:::S::::X:;::F;Pc=c=20=o=----:-1::CO.::c92:0:::0 

500 m TSXFPCCSOO 30.000 

Other connection accessories 

F1p1o Communication Adapter 
User Guide 

{1) Does not support the 170ADM54080 1/0 base 

®1A'9·hii"'HA 

Consu~ our catalog 
"Premtum 
automation platform• 

See page 97 
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Modicon Momentum automation 
platform 
INTERBus communication adapters 

Presentation 
The Momentum INTERBus commumcation adapter provides a direct connection to 
the INTERBus Network for the full family of Momentum 1/0 modules. Th1s connectivity 
enables Momentum 1/0 to be used 1n open architecture control systems that utilize 
either a programmable controller or industnal computer as the network master. In 
these applicalions, INTERBus serves as the communication network that connects 
Momentum 1/0 modules, along with other lNTERBus compatible control devices, for 
the communication of input and output informat1on w1th a single master controller. 

There are three types of INTERBus adapters available: 
• 1701NT11000, twiSted pair media, SUPI2. 
• 1701NT11003, twisted pa1r media, SUPI3, supports G4 diagnostic. 
• 1701NT12000, fiber optic media, SUPI 3, supports G4 diagnostic. 

The INTER Bus communication adapter is designed to plug on to any of the 
Momentum Input/Output module bases, thus allowing the 110 module to be accessed 
over the INTEABus Communication Network. Each Momentum 1/0 module is an 
individual node or device on the INTERBus network with its address set either by 1ts 
physical location on the network, or by menu-driven software that is available with 
some INTERBus master devices. INTERBus is a cost-effective method of distributmg 
1/0 modules throughout large plant areas. The f1gure below illustrates a typical 
control system us1ng Momentum 1/0 modules on the INTERBus network, with a 
Quantum PLC programmable controller as the network master. 

Network Topology 

Remote Bus 

Momentum 110 Modules 

Description 

Momentum 110 Modules 

Thmi 
Party 
Products 

The 1701NT11 00. INTERBus communication adapters comprise on the front panel: 
1 Two 9-P•n SUB-D connectors for connection to the INTERBus bus. 
2 Area for Label (label shipped Wtth 110 base). 
3 LED Status Indicators comprising for 1701NT11000 /11003 only: 

- UL (green), logic power check, for 1701NT11003 only. 
- BA (green), bus enabled. 
- RC (green), remote bus check. 
- RD (yellow), remote bus disabled. 

Ci)IQI§,i!9*1,!!,Q Schneider Electric 

• 

• 

• 



• 

• 

• 

Characteristics, 
references 

Characteristics 
Model No. 

~ ~ ~ ~ 

Communication network 

Communication rate 

Number of nodes (devices) 

Media 

Distance 

Connectors 

Error checking 

Error and fail states 

Addressing 

Mode of operation 

Topology 

INTER8US generation 

Packaging 

Indicator lights 

Power source 

Agency approvals 

References 

170/NT11 000111003 

170/NT12000 

Schneider Electnc 

Modicon Momentum automation 
platform 
INTERBus communication adapters 

1701NT11000 1701NT11 003 1701NT12000 

f INTERBus, ItO eus JtNTERBUS 

I K bit/& 500 

I Up to 254 devices 

,Twisted Pair i Fiber OptiC 

I m (ft.) Up to 12 800 (41 984 It), 400 (1312 ft.) between two nodes 

2-9 P1n ·o- connectors 

CRC-16 error check 

j Fail sale 
I I Phys•callocat•on or software 

Master-Slave, contmuous shift reg1ster 

)Ring 

ISUPI2 ISUPI3 

I Standard Momentum communication adapter enclosure· IP 20 environment 

Diagnostic and status light standard 

UL, C€, CSA, FM Class I, D1v. II 

Modules 
Description Media 

INTERBuS coMmuniCatiOn ~-~n n ~TWrstedPa~r
adapters 

Fiber OptiC 

Accessories 

Generation Reference 

SUP12 1701NT11000 

SUPI 3 1701NT11 003 

SUPI3 1701NT12000 

· Description Length Reference 

INTERBus Connector Kit, socketsiPlns, 9-p•n With 
male and female connectors for remota bus cable 

INTERBus Ceble (with small connectors) 11 em 
(03611) 

INTER Bus Cable lowi)rolile connector 

INTERBUS cables 

100cm 
(3311.) 

100m 
(33011.) 

400m 
(131211) 

.l70BN067101 

170XTS00900 

170MCI00700 

170MCI10001 

TSXIBSCA100 

TSXIBSCA4DO 

By the meter KAB3225LI 

Momentum front label replacement 
(set of 10) 

INTERBUS User Guide 

®1AH"i9* 1• 11~U 

170XCP10000 

See page 97 

Weight 

m~• _kg" 
O.o70 

0070 

0070 

Weight 

klL 
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Controller with 

Modicon Momentum automation 
platform 
Profibus DP communication adapter 

Presentation 

The Model 170DNT11 000 Profibus DP Commumcation Adapter lor the Momentum 
1/0 product line provides a direct connection to the Profibus DP Communication 
Network for the full family of Momentum 1/0 modules. This connectivity enables the 
Momentum 1/0 to be used in open architecture control systems with other Prof1bus 
DP compatible control products, mcludmg programmable controllers. mdustnal 
computers, operator control stations, drive systems, and other controls. to provide a 
flexible, cost-effective solution for d1stribut1ng 110 modules throughout a large area. 

The Prof1bus DP communication adapter is a single package that is designed to plug 
on to any of the Momentum lnpui/Output modules base, thus allowing the 1/0 module 
full access to the Profibus DP Communication Network. Each Momentum 1/0 module 
IS an indiVIdual node on the network, w1th its address user-selected on the dual rotary 
sw1tch on the front of the communication adapter. The figure below illustrates a 
typical control system us1ng Momentum 110 modules on the Profibus DP network with 
programmable controllers and Industrial computer systems. 

The Profibus Configuration F1le IS reqwred for the configuration of the Momentum 110 
Modules on the Profibus DP network. Th1s file contains the Prof1bus PNO 
ldentnumber for all of the Momentum 110 modules, and is available at no charge to 
all users as a download over the lntemet from the Schneider Electric web page. 

Network Topology 

Computer with Controller with 
Network Jnrettace ModUle Network lnterfsce Module Network ln!rilrface Module 

Momentum 110 Modules Third party products 

Description 
The 170DNT11 000 Profibus DP Commumcation Adapter comprises on the front 
panel: 

LED Status Indicators comprising: BF (green), bus fault. 
2 A 9-Pin SUB-D connector for connection to the Profibus DP Network. 
3 Area for Label (label shipped with 110 base). 
4 Rotary switches for slave addresses. 

(i)ldi§.U9fli!!.Wj Schne•der Electnc 
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• 
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Characteristics, 
references 

Characteristics 
Model No. 

Communication bus 

Communication rate 

Number of nodes (devices) 

Media 

Distance 

Connectors 

Error checking 

Error and fail states 

Addressing 

Mode of operation 

Topology 

Packaging 

Indicator lights 

Power source 

Agency approvals 

References 

.f.-~:;..~~-~"~!_~~\ 

· •• ~ ·flf· -
_:] ~ ........... .. 

170DNT11 QOO 

Schneider Electnc 

Modicon Momentum automation 
platform 
Profibus DP communication adapter 

170DNT11000 

; Profibus DP 
l 

j9 6 K b11/s ... 12 M b11/s 

i Up to 126 devices (32 Without repeater) 

j Twisted Pair 

m (ft.) i Up to 1 200 (4 000) 
I 

j9 P1n "D" connectors 

j CRC.16 error check 
l 
I Fall safe 

j Switch selectable 

l Master-Slave 

1 Mulll-Drop. R1ng 

Momentum commumcations adapter enclosure - I P20 enwonmant 

I DiagnostiC and status hght standard 

! Power supply on-board the 110 base 

Module 
Description 

Profibus DP Communication Adapter 

Accessories 
Description 

Device Master File 

Prof1bus DP cable 

Proflbus DP connector with Tenninator 

Profibus DP In-Line Connector 

Profibus DP connector with Programming 
Port 
Momentum front label replacement 
(set ol10) 

Profibus DP User Guide 

Reference 

170DNT11 000 

Length Reference 

(1) 

100m (328ft) TSXPBSCA100 

400 m (1312 It) TSXPBSCA400 

By the meter KABPROFIB 

490NAD91103 

490NAD91104 

490NAD91105 

170XTS10000 

See page97 

(1) The Prof1bus device Master F1/e (381SWAOQOOO) 1s suppl18d With the User GUide 
870USE0040e, or can be downloaded from the Talemecamque webSite at 
www.telemecanique.com • 

~lt!3!§eli§£h!!.@l 

Weight 
kg 

0.070 

Weight 
kg 
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Modicon Momentum automation 
platform 
DeviceNet communication adapter 

Presentation 
The Model 170LNT71 000 DeviceNet Communication Adapter for the Momentum II 
0 product line prov1des a d1rect connect1on to the Dev1ceNet Commumcation 
Network lor the full fam1ly of Momentum 1/0 modules. Th1s connectivity enables the 
Momentum 1/0 to be used in open architecture control systems w1th other DeviceNet 
compatible control products, including programmable controllers, industrial 
computers, operator control stations, dnve systems, and other controls, to provide a 
flexible, cost-effect1ve solut1on for distribullng 1/0 modules throughout a large area. 

The DeviceNet commumcation adapter is a smgle package that is designed to plug 
on to any of the Momentum Input/Output module bases, thus allowing the 1/0 module 
full access to the DeviceNet Communication Network. Each Momentum 110 module 
IS an ind1v1dual node on the network with 1ts address user-selected on the dual rotary 
switch on the front of the commumcation adapter. 

The adapter complies with the Open Dev1ceNet Vendor Assoc1at1on (ODVA) 
speCification Release 2.0 for network communication protocol and data transfer. 
Current information about the ODVA specification can be obtained at the ODVA Web 
s1te: http://www.odva.org. 

Electronic Data Sheet Disk 
An Electronic Data Sheet (EDC) d1sk IS included with the Dev1ceNet Adapter's user 
gUide (reference 870USE10400). It supplies the application software parameters for 
setup of each 1/0 base. Each file's format on the disk complies With the ODVA 
specification for DeviceNet 110 module EDS parameters. Updated EDS Ides are 
available for downloading from the Customer Support areas of the Schneider 
Automat1on Web S1te and Bulletm Board service. 

Description 
The 170LNT71000 DeVJceNet Communication Adapter comprises on the front panel: 

1 LED status indicators comprising: 
o PWR (green), power is present from 1/0 base 
o MNS (green/red), adapter 1s communicating on network 
o 10 (green/red), 1/0 IS act1ve, no faults. 
2 DeviceNet connector. 
3 Area tor label (label sh1pped with 1/0 base). 
4 Rotary sw1tches for slave addresses. 

wratgs~tpt.u.u Schneider Electnc 
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references 

• 
Characteristics 
Model No. 

'~ - ~- . ~----" 
ODVA compliance 

Communication rates 

Network power loading 

Number of nodes 

Media 

Distance 

Connectors 

Error checking 

Error and fail slates 

Addressing 

Mode of operation 

Topology 

Packaging 

Indicator lights 

Power source • Agency approvals 

References 

170LNT71(}()() 

• 
Schneider Eiectnc 

Modicon Momentum automation 
platform 
DeviceNet communication adapter 

170LNT71000 

I W11h ODVA Specification Release 2 o 

K bills I Supports 1251250/500 standard Dev1ceNet baud rates 

I Operabonal from 1 to 25 VDC, 110 mA max1mum. 75 mA typ1cal 

I Up to 64 nodes 

I Twisted Penr 

m (ft.) Up to 500 (1640), depend1ng on communicatiOn rate 

! 5-pln male connector With 5 mm pin-to-pin spaCing 
I I CRC-16 error check 

I Fail safe 
I 
Swrtch selectable 

I CSMAICA. master-slave, peer-to-peer 

I Multi-Drop Trunk 

I Standard Momentum commumcat1on adapter enclosure· IP 20 environment 

I D1agnost1c and status hght standard 

Power supply on board lhe 110 base 

I UL, C(, CSA, FM Class I, D1v. 11 

Module 
, Description 

1, -------- --- --~-

DeviceNet Communication Adapter 

Accessories 

t:~~~n -
DeviceNet connector 

Momentum front label 
replacement 

Quantity 

Set of 10 

Reference 

170LNT71000 

Reference 

170XTS06000 

170XTS10000 

DevlceNet communication 
adapter User Guide 

Includes the EDS configuration See page 97 
software 

• Telemeunique 

Weight 
kg 

0.070 

'weight' 
___ kg_ 
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Modicon Momentum automation 
platform 
M 1 /M 1 E processor adapters 

64Kblt 

256 Kblt 

2.4 K bit 

2Kbil 

1 msiK 0.63ms/K 1 ms/K 

20MHz 32MHz 20MHz 

2048 

Up to 2048 110 points with Modbus Plus option adapter 

Power supply on-board the 110 bases 

1 AS 232 Modbus 

66 

• Telemecanique 

1 RS 232 Modbus 
1 RS 485 Modbus 

256Kbil 

12K bll 

160 K bit 

4 K bit 

0.63ms/K 

32MHz 

4096 

80 w1th ProWOAX 
128 with Concept 

1 AS 232 Modbus 
1 110 bus 

Compa~blll 

Schneider Electnc 

• 

• 

• 
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512 K bit 

512 K bit 

'18 Kbit 

'240 Kblt 

24Kbit 

1 ms/K 

32MHz 

8192 

· Up tO 2048 110 points 
With 

l Modbus Plus option 
adapter 

80 wi!tl ProWORX 
128 wr!tl Concept 

Power supply on·board the 110 bases 

1 RS 232 Modbus 
1 RS 485 Modbus 

:Compatible 

67 

Schneider Electnc 

1 RS 232 MOdbuS 
· 1 1/0 bus 

544 Kbil 

512 K btl 1 Mblt 

200 K btl 

0.3ms/K 

SOMHz 

Up to 2048 1/0 pom!S wt!tl 
Modbus Plus option adapter 

1 ElliBmet (T rensparent Reedy class B 1 0) 
1 RS 485 Modbus 

Supplied 

88 69 

*fJI§·''4!1"'·5 

512 K btl , 

80 with ProWORX 
128 with Conoopt 

200Kbit 

1 Ethemat (Transparent 'fieactiCia5s El10) 
1 I/O bus 

·Supplied 

88 

63 



Presentation 

Characteristics 
Processor Adapter 
171 CCS70000 

171CCS70010 

171CCS76000 

171 CCS78000 

171CCC76010 

171CCC78010 

171CCC96020 

171CCC96030 

171CCC98020 

171CCC98030 

Characteristics: 
pages 66 to 69 

64 

References: 
page 70 

I RAM Memory 

~64K 

164 K 

' ! 
1
256K 

' .64K 
I 
•512K 

i 512 K 

544K 

;544 K 
I 

i 544K 
I 
t544K 

Modicon Momentum automation 
platform 
M1/M1 E processor adapters 

Presentation 
The Momentum M11M1E processor adapters are based on the Modicon 984 family 
of products. You can mount these Adapters on Momentum 1/0 Bases to provide 
intelligence to the 1/0. The processor adapter can qutckly and independently solve 
logtc, control its own local 1/0 (discrete or analog), and commumcate to other control 
entlttes through one of a number of Momentum communication opttons. The 
processor adapter can tum an ordinary 110 Base into a PID controller or htgh-speed 
logtc solver. 
You can create your own controller from a number of dtfferent bases, and With other 
Momentum options, network your local logiC solvers together into an Intelligent 
subsystem as part of a larger Modlcon application, or into a standalone, mtegrally 
networked system with local controllers wtth extended 110. A controller can be added 
to the dtfferent bases and combined wtlh other Momentum options, which can then 
be networked together in an tntelligent subsystem as part of a larger Modtcon 
application. The Momentum 1/0 Base can be made a standalone, Integrally 
networked system using local controllers wtth extended 1/0. 
The Momentum M11M1 E processor adapters are meant to stand alone, be mounted 
on a single Momentum 1/0 Base (with its own extended Momentum 110 connected to 
the 110 Bus Port on 171 CCS76000 processor adapter), or be mounted together wtth 
one of a variety of Momentum Optton Adapters, provtding different network 
capabllittes, a ttme-of-day clock, and a battery back-up system. The built-in flash 
memory ts used to store the executtve, allowtng for conventent fteld upgrades of the 
operating system. The flash memory can also be used to back up your applications, 
creating a local copy of your program to be loaded back into RAM, thus providtng 
original program file integrity. On 171 CCS78000 processor adapter, the RS 485 port 
can be used to connect to dedicated devtces such as an operator mterface panel or 
a marquee, or used in a master/slave RS 485 network to connect to multiple devices. 
The processor adapters can be programmed with Modsoft version 2.5 or greater, 
Concept version 2.1 or greater, ProWORX NxT version 2.0 or greater or 
ProWORX32. 
The following table describes the characteristics of the Momentum M1/M1 E 
processor adapters. 

Flash Memory Scannme Modbus Port i UO Bus Port IEC Executive 
256K . 1 ms/K '1 xAS232C 

256K 0.63rns/K 11 x AS 232C -
256 K 0.63ms/K ,1xAS232C :1xVOBus ' Compat1ble 

I 
256K · 1 rns/K ;1xAS232C 

;1xAS485 
· 512 K , 1 ms/K '1 X AS 232C j1xUOBus Compatible 

I 

'512 K ; 1 ms/K 1 x AS232C Compatible 
'1xAS485 

512 K .3 ms/K , 1 x Ethernet 1 xiiOBus 

' 
1Mb · .3 ms/K ; 1 x Ethernet j1 x 110 Bus Supplied 

f 
512 K .3ms/K · 1x AS485 

! 1 x Ethernet 
1Mb .3ms/K ·1xAS485 Supplied 

! 1 x Ethernet 

Programming Software for Momentum 
Momentum processor adapters have a number of PC programming software options 
available. You can program your processor Adapter vta the Modbus AS 232 serial 
port, or with an M1 E processor vta Ethernet network. 
If using a Modbus Plus Option Adapter tn conjunction With a Processor Adapter, you 
can program via an SASS card installed 1n a PC and connected to the same 
Modbus Plus network. 

For more specific information, see the appropriate Momentum, ProWORX or 
Concept programming software literature and documentation. 

@)1A19.ii9fU!!,Q Schne1dar Electnc 
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Modicon Momentum automation 
platform 
M1/M1 E processor adapters 

Description 
A typical Momentum M1/M1 E Processor Adapter consists of the followtng 
components: 
1 Modbus or Ethernet Port connector. 
2 Optional second port (Modbus or 1/0 bus). 
3 LED indicators. 
4 Fill-In Label. 

Mounting 
A typical system, showing a modei171CCS76000 Momentum M1 processor adapter 
mounted on top of a Momentum 1/0 Base. The processor adapter controls the 1/0 it 
is mounted on, the local I/O, and can control externally configured 1/0. You can also 
use a Modbus Plus Option Adapter with the processor adapter to extend the system's 
110 capaCity . 

@)IAHril§fiii\.@1 65 



Characteristics 

Environment 
Type of processor 

Temperature 

Flelatlve humidity 

Altitude 

Mechanical withstand 
(immunity) 

Designed to meet 

Characteristics 
Central process•ng unit (CPU) 

Word length 

Material 

Voltage 

Voltage tolerance 

Operabng 

Storage 

To vtbrattons 

To shocks 

FIFIImmunityiEMI susceptibility/Electrostatic discharge 

DH!Iectric strength 

Indicator lights 

Power source 

Clock speed 

Scan lime 

Communication ports 

Capacity 

110 bus addressing 

References: 
page 70 

66 

2 

984 LL program memory 

IEC program memory 

Date memory 

Discrete 110 

Regtster 1/0 

lfOitmit 

Modicon Momentum automation 
platform 
M 1/M 1 E processor adapters 

, ·c 

jbit 
t 

171CCS70000 

Oto60 
. -40to85 
I 

171CCS70010 

5 to 96% (non-condenstng) 

! 2000 (6,500 It) 

. 5710150Hz@ 1 gn 
: 10 to 57 Hz @ 0.075 mm d.a 

• ± 15 gn peak, 11 ms. half s1ne wave 

171CCS78000 • 171CCS76000 

' UL, e, CUL, FM Class 1 Otv. 2, NEMA 250 Type 1, and IP 20 conforrmng to IEC529 

; x86 based 

i Lexan 

1 VDC 5.0 V (supphed by 110 Base) 

± 5% (as supplied by 1/0 Base) 

• Meets e marl<; for open equipment. Open eqwpment should be mstaUed 1n an tndustry 
; standard enclosure, With access reslnclad to quahfted servtce personnel 

; AS 232 IS non-tsolated from log1c common 
I 

1 
Run and commumce!lon aebve 

' 
· Power supply on-board the Momentum 110 Base 
r 

'MHZ 20 '20 

fK 

I 

Dedicated AS 232C Modbus 

'0.63 
I 

NIA Oedtceted AS 485 11/0 Bus {derivatlve 
Modbus I of INTEABUS 

2.4 

2048 ln/2048 Out (A total of 2048 words can be conhgured for 
' dtscrete analog 110, any m1x up to the stated limits.) 

2048 ln/2048 Out (A total of 2048 words can be configured for 
d!SC!'ete and analog 110, any m1x up to the stated hmtts.) 

: - lfO local on 
: Modbus 
; -110 can be I extended using a 
• Modbus Plus optton 

I
' Adapter and Peer 
Cop (2048 In/Out) 

' 12 

; 160 

14 
• 2048 ln/2048 Out 
\ 

I 4096 words total 

1 8192 btts max •. 
· - 4096 ln/4096 Out 
on I/O Bus 
-IIOcen be 
extended ustng a 
Modbus Plus option 
Adapter and Peer 
Cop (2048 In/Out) 

! 80 110 drops with 
1 ProWORX 
1128 1/0 drops wlll1 
!Concept 

Schnetd&r Eleotnc 

• 

• 
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Characteristics (continued) 

Environment 
Type of pfOCt!SSor 

Temperature 

Relative humidity 

Altitude 

Mechanical withStand 
(immunity) 

Designed to meet 

Characteristics 
Central processing unit (CPU) 

Word length 

Material 

Voltage 

Voltage tolerance 

Operabng 

Storage 

To Vlbrallons 

To shocks 

RFI immunity/EM! susceptlbiltty/Eiectrostatlc discharge 

Di-electric strength 

Indicator lights 

Power source 

Clock speed 

Scan time 

Communication ports 

Capacity 

l/0 bus addressing 

References· 
page 70 

Schneider Electnc 

2 

984 LL program memory 

IEC program memory 

Data memory 

Discrete l/0 

Reg1ster 110 

I/Ohm1t 

Modicon Momentum automation 
platform 
M1/M1 E processor adapters 

!•c ,.c 
171CCC76010 

l Oto 60 
1-40to85 
I 

j 5 to 96% (non-condensing) 

I 
i 2000 (6,500 It ) 
I 

i57to 150Hz@ 1 gn 
10to57Hz@ 0.075mmd.a 

, ± 15 gn peak, 11 ms, half sina wave 

171CCC78010 

I UL, e, CUL, FM Class 1 D1v. 2, NEMA 250 Type 1, and IP 20 con!orrmng to IEC52 

! 

1 x 86 based 
I 
! 16 
I 

15.0 V (supplied by 1/0 Base) 

i ± 5% (as supplied by 110 Base) 

1 Meets e mark for open equ1pment. Open eqUipment should be 1nstalled in an Industry 
standard enclosure, wllh access restnctad to qualified serv1ce pen;onnel 

I RS 232 is non-isolated from log1c common 
I I Run and commun1cabon acbve 

j Power supply on-board the Momentum l/0 Base 

132 

1 ; Ded1cated RS 232C Modbus 

1110 Bus (denvabve o! INTERBUS) 

K 
K 

i18 
;240 
1 24 

j Dedicated RS 485 Modbus 
f 

i 81921n/8192 Out (A total of 8192 b1ts can be conf~gured ford1screte and analog 110, 
I any m1x up to the stated hmits) 

. 26048ln126048 Out (A total of 26048 words can be configured for discrete and analog 
I 1/0, any miX up to the stated hmlls) 

1

8192 bits max.: 1 - 110 local on Modbus 
- 4096 ln/4096 Out on 110 Bus 1- 110 can be extended using a Modbus 
- 110 can be extanded using a Modbus : Plus option Adapter and Peer Cop 
Plus opt1on Adapter and Peer Cop 1 (2048 In/Out) 

I (2048 In/Out) i 
i 80 1/0 drops wtth ProWORX 128 1/0 drops -
1 w1th Concept . 

li)IGIA.ii§$Uh.q 67 



Characteristics (continued) Modicon Momentum automation 
platform 

Environment 
Type of processor 

Temperature 

Relative humidity 

Altitude 

Mechanical withstand 
(immunity) 

Designed to meet 

Characteristics 
Central processing unit (CPU) 

Voltage 

Voltage tolerance 

Operating 

Storage 

To v1brat1ons 

To shocks 

M1/M1 E processor adapters 

171CCC96020 171CCC98020 

Oto60 
,.c 
I 

;·40to85 

5 to 96% (non-condensing) 

2000 (6,500 It ) 

57 to 150Hz@ 1 gn 
; 10 to 57 Hz@ 0.075 mm d.a 

· ± 15 gn peak, 11 ms, hall sme wave 

· UL, e, CUL, FM Class 1 D1v. 2, NEMA 250 Type 1, and IP 20 ccnlorrmng to IEC52 
f 

5.0 V (suppl•ed by 110 Base) 

± 5% (as supplied by 1/0 Base) 

RA Immunity/EMf susceptibility/Electrostatic discharge Meets e mark lor open eQUipment. Open equipmen1 should be 1nstalled 1n an Industry 
standard enclosure, with access restncted to qualrt1ed serv1ce personnel 

DI-electric strength 

Indicator lights 

Power source 

Flash memory 

Clock speed 

Scan time 

Communication poria 
2 

Capacity 984 LL program memory 

IEC program memory 

Data memory 

DISCrete 1/0 

Register 110 

1/0hm•t 

· Communication port IS non·osolated from log•c common 

RUN, Ethernet LAN active and LAN status 

1 
Power supply on-board the Momentum 110 Base 

'ms/K . 3 
I 

[K 

Ethernet 

! 110 Bus (denvabve ollnterBus) • DediCated AS 485 Modbus 

,18 

•24 
8192 lnl8192 Out (A total of 8192 bits can be configured for discrete and analog 110, 

· any mix up to the stated lim1ts) 

26048 ln/26048 Out (A total of 26048 words can be configured for d1screte and analog 
1/0, any miX up to the staled limits) 

8192 bits max: 
! • 4098 ln/4098 Out on 110 Bus 
; • 110 can be extended us1ng a Modbus 
, Plus opt1on Adapter and Peer Cop 
; (2048 In/Out) 

• 110 local on Modbus l- 110 can be extended using a Modbus 
: Plus opbon Adapter and Peer Cop 
J (2046 In/Out) 

Transparent Ready services C~la=ss=--:--------T---...;;B,:-10=--:-:---:----.--.-----,-,.-,--:-:---:-:-----,-...,---,-.,---
Web services "Rack V1ewer" access to the product description and status, and to the 1sland 

110 bus addressing 

References: 
page70 

68 

Ethernet TCPIIP commumcat1on ! 
management serv1ces f 

: d1agnosbcs 
1 "Data editor" access to the configuration funct1ons and vanables 
· "Web page loader" software tool for load1ng user Web pages 

, Modbus Messag1ng (read/write data words) 
, 110 Scanning 

80 110 drops with ProWORX 128 f/0 drops;-
With Concept ' 
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Characteristics (continued) 

Environment 
Type of processor 

Temperature 

Relative humidity 

Altitude 

Mechanical withstand 
(Immunity) 

Designed to meet 

Characteristics 
Central processing unit (CPU) 

Word length 

Material 

Voltage 

Voltage tolerance 

Operating 
Storage 

To vobratoons 

To shocks 

RFI lmmunity/EMI susceptibility/Electrostatic discharge 

Di-electric strength 

lndlcalor lights 

Power source 

I/O limit 

Modicon Momentum automation 
platform 
M1/M1 E processor adapters 

171CCC96030 

loto60 

l-40to85 

f5 to 96% (non-condenstng) 
I I 2000 (6.500 ft.) 

157 to 150Hz@ 1 gn 
i 10 to 57 Hz@ 0.075 mm d.a 
j ± 15 gn peak, 11 ms, haH sine wave 

171CCC98030 

UL. e, CUL, FM Class 1 Dov 2, NEMA 250 Type 1, and IP 20 conformong to IEC52 

x 86 based IEC Executove 

! Lexan 

I 
! 50 V (supplied by 110 Base) 
I 
i ± 5% (as supplied by 110 Base) 
l 
i Meets e mark for open equipment. Open equopment should be Installed in an Industry 
l standard enclosure, woth access restnctad to qualified service personnel 

I RUN, Ethernet LAN active and LAN status 

! Doagnostoc and status lights, standard 
! 
Power supply on-board the Momentum 110 Base 

8192 bits max. 
- 4096 ln/4096 Out on 1/0 Bus 
- 110 can be extended using a Modbus 
Plus optoon Adapter and Peer Cop 
(2048 In/Out) 

Dedicated AS 485 Modbus 

I' · VO local on Modbus 
• 110 can be extended us1ng a Modbus 

, Plus opbon Adapter and Peer Cop 
' (2048 In/Out) 

Transparent Ready services Class I B 10 
'"'w"'"e..,.b_se_rvt_c_e_s------+---+l"""R=-a-c.,.k..,.V.,..oewe-"'l"c:-a-c-ce-s-s-to--,thc-e-p-r-od""u_c_l-:d-es-cn-pb_o_n_a_n_d,..s_ta_tu_s_.-a-nd..,-to-th.,..-e..,.is..,.la-n-d,.---

110 bus addressing 

Schneoder Electric 

Ethernet TCPIIP communicatiOn 
management serv1ces 

1 

doagnostics 
"Data ed1tol" access to the configuration funcbons and variables 
"Web page loader" software tool for loading user Web pages 

! Modbus Messaging (read/wnte data words) 
liiOScanmng 
60 1/0 drops woth ProWORX 128 110 drops 1-
With Concept ' 
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Modicon Momentum automation 
platform 
M1/M1 E processor adapters 

M1/M1 E processor adapters 
RAM Memory Communication Clock Speed Reference Weight 

Port( a) kg (oz.) 

64K 1 Modbus 20MHz 171CCS70000 0.042(1.5) 

1 Modbus 32MHz 1 71 CCS7001 0 0.042(1.5) 

2 Modbus 20MHz 171 CCS78000 0.042(1.5) 

256 K 1 Modbus, 32MHz 171CCS76000 0 042(1.5) 
1 1/0 Bus 

512 K 1 Modbus, 32MHz 171CCC76010 0.042(1.5) 
11/0Bus 

2Modbus 32MHz 171CCC78010 0.042(1 5) 

544K 1 Modbus, 50MHz 171CCC98020 0 042(1.5) 
(1) 1 Ethernet 

1 Ethernet, 50MHz 171CCC96020 0.042(1 5) 
11/0 Bus 

544 K, IEC Exec 1 Modbus, 50MHz 171CCC98030 0.042(1.5) 
(1) 1 Ethernet 

1 Ethernet, 50MHz 171CCC96030 0042(1.5) 
1110 Bus 

Connection accessories and documentation 
Description rvpe Sold In lo1 of Reference Weight 

kg (oz.) 

RS232 1 rn(31t.) 11 OXCA28201 
communication 3m (10 lt.) 110XCA28202 
cable RJ4S to RJ45 6 m 120 It ) 110XCA28203 

RS485cable 170XTS04000 
connectorT for RJ45 

RS 485 terminating 2 170XTS02100 
(RJ45 resistor 
plugs) 

D-shell edapters RJ45 to 9-pln 110XCA20300 
(for AT SEmel port) 

RJ45 to 25·p1n 110XCA20400 
(for XT senal port) 

Ground clamp 424244739 

ConneXium Ethernet cabhng for See page 78 
cabling system M 1 E processor 

adapters 

Concept software - Seepage 88 

ProWORX software- See page 93 

Processor adapters Seepage97 
user guide 

(1) Transparent Ready Class 810 (embedded standard Web server ·standard Ethernet TCP!IP 
commumcarion serVIces). For mora details, consult our catalog "Transparent Ready, Ethernet 
TCP/IP and Web technologies". 

Characteristics. 
pages 66 to 69 
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references 

Characteristics 
Model 

Input voltage 

Output voltage 

Maximum output 

External fuses 

References 

170CP$11100 

Schne•der Electric 

120VAC 
input voltage 

230VAC 
mput voltage 

Modicon Momentum automation 
platform 
M1 processor adapters 
Power supply 

An opt1onal power supply, the 170CPS111 00, IS available for the Momentum product 
family. Normally, power for controller, option, and commumcation modules IS 

obtained from the power supply buill into the 110 bases modules. However, the 
170CPS11100 provides a power solution for applications requinng conversion from 
230 or 120 VAC to 24 VDC. The supply mounts alongside the other Momentum 
components on the DIN rail. The jumper-selectable, 230/120 VAC. power IS mput to 
the power supply w1th the use of a spnng- or screw-type terminal strip; the 24 VDC 
power IS output to the system in the same manner. 

Description 
A power supply consists of the follow1ng components; 
1 Fill-in identifying label. 
2 LED status d1splay. 
3 Input voltage (AC) terminal stnp connector mount1ng slot. 
4 Output voltage (DC) terminal strip connector mounting slot. 

170CPS11100 

VAC 1120 or 230 (Jumper selectable) 

voc 

A 

A ! 0.63, time lag l 0.315, lime lag 

Designation Description Reference 

Power supply 120 VAC or 230 VAC 170CPS11100 

Tenninal strips With spnng terminals 170XTS01200 
(set of 3) With screw tarmina Is 170XTS01100 

® 1A1dr 114¥"0·U 

Weight 
kg (oz.) 

0.284 (10) 

71 



Selection guide 

72 

Modicon Momentum automation 
platform 
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Modbus Plus 

1 Modbus Plus 2 redundant Modbus Plus 

9-pln D·shell 

On-board, ± 13 secJday accuracy 

User-replaceable 213 AA Lithium 

5 VDC supplied by 110 base 

0 to sooc 

5 to 95%, relative non condensing 

± 15 g peek, 11 ms, nalf·s1ne wave 

10 to 57 Hz @ 0,075 mm d.a. 
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Modicon Momentum automation 
platform 
Option adapters 

Presentation 
The Momentum option adapters, mounted on Momentum 110 bases, can be used to 
enhance the capabilities of the Momentum processor adapters that mount on top of 
the option adapter, to fulfill a variety of roles. The option adapters allow you to 
network your local logic solvers together into an intelligent subsystem as part of a 
larger Schnetder Electnc application, or into a standalone, integrally networked 
system with local controllers w1th extended 1/0. 

The Momentum option adapters are: 
• 172PNN21022 ·one Modbus Plus communication port, 
• 172PNN26022 ·two redundant Modbus Plus commumcatlon ports, 
• 172JNN21032 ·one general-purpose serial communication port, RS 232 or 
RS 485 selectable. 

Each of these option adapters provides an on-board, TOO (Time-Of-Day) clock that 
tS available to the application residmg in the processor adapter. The clock ts useful 
for the scheduling of events, lime-stamping operations and operator 1nterface 
requirements. In addition, each opt1on adapter contains a battery-backup system that 
maintams the application and its variables in the event of a power outage to the 
processor adapter. The option adapter's convement side-door access allows for 
quick replacement of the single 213 AA Lithium battery. 

In addition to the TOO clock and battery backup features, the 172PNN21 022 adapter 
allows you to add networking to the intelligent 1/0 base. Modei172PNN26022 allows 
you to add redundantly-cabled networkmg to the 1/0 base. This opens the 
Momentum product hne to a broad spectrum of applications. You can use the port to 
connect to other processors, such as: 
• Other Momentum processor/option adapters 
• Other PLCs enabled w1th Modbus Plus 
• Momentum Modbus Plus communication adapters and 110 bases 
• Other third party dev1ces using Modbus Plus to communicate. 

Modei172JNN21 032 allows you to add a second, delacto·industry standard Mod bus 
port (selectable RS 2321485) to the 1/0 base. You can use the port to connect to other 
processors, such as other Momentum processor/option adapters, and other devices, 
such as operator tnterface panels and display marquees. 

Programming software for Momentum 
Momentum processor adapters have a number of PC programming software opttons 
available. You can program your processor adapter v1a the Modbus RS 232 senal 
port, or if using a Modbus Plus option adapter in conJunction With a processor 
adapter, v1a an SA85 card installed in a PC and connected to the same Modbus Plus 
network. For more specifiC information, see the appropriate Momentum, ProWORX, 
and Concept programming software documentation. 

@>1AI§,·HS1d1·U Schne•der Electnc 
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Modicon Momentum automation 
platform 
Option adapters 

Description 
A typical Momentum opt1on adapter consists of the folloWing components: 
1 9-pin O-shell connector(s) for Modbus Plus communications. 
2 Battery compartment. 
3 LED ind1cators. 
4 Address switches for Modbus Plus . 

Mounting 
The Momentum option adapters prov1de the processor adapters w1th additional 
networking capabilities, a time-of-day clock, and a battery back-up. The option 
adapters also snap onto the VO base; in this figure, the processor adapter stacks on 
top. Here, the opt1on adapter is used 1n conjuncllon with the processor adapter to 
extend the system's 110 capaCity . 

l® '"''*'"9f""·U 75 



Characteristics 

Characteristics 
Model No 

Time-of-day clock 

Battery 

Communication port(s) 

Type 
Serv~ce life 

She~ hie 

Communication port connector(s) 

Attitude 

Shock 

Vibration 

Height 

Material 

Voltage 

Voltage tolerance 

RFIImmunllyiEMI susceptibility/Electrostatic discharge 

Di-electric strength 

Designed to meet 

Packaging 

Indicator lights 

Power source 

76 

Modicon Momentum automation 
platform 
Option adapters 

172PNN21022 172PNN26022 172JNN21032 

On-board, : 13 slday accuracy 

User-replaceable 2/3 AA L1th1um 
< 30 days from the bme a battery-low 1nd1ca!lon is received, to actual battery failure 
@ 40 •c mruomum serv1ce l1fe ambient temperature w1th the system continuously 
powered down 
In excass of 5 years at room tamperature 

. One Modbus Plus port Two redundant Modbus 
, Drop address range 1 to 641 Plus ports 

General-purpose senal port 
AS 232 or AS 485 
selectable 

! m (ft.) 2000 (6 562) 

'Hz 

1 : 15 gn peak, 11 ms, half sme wave 
I 

57 to 150@ 1 gn 
10 to 57@ 0.075 mm d.a. 

1,01 (25.) 
(2.10 (58 3) on battery s1de] 

1 ; Lexan 
l 

~ VDC 5.0 (supplied by 110 base) 

; :t 5% (as supplied by 110 base) 

Meets C {mark for open equipment Open eqUipment should be Installed in an Industry 
standard enclosure, With access restncled to q11alifled service personnel 

I VDC 500 
' l 

UL, C €, CSA, NEMA 250 Type 1. and IP 20 confonmng to I UL, CSA, NEMA 250Type 1, 
• IE 529 , and IP 20 conforming to 

. Standard Momentum opt1on adaptor 
I 

1 Communication act1ve light 
' 
' Power supply on-board the Momentum 110 base 

~1A19"'3±ii!!:U 

' IE 529, FM Class I, Div. II 

Schne1der Electric 

• 

• 
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172PNN21022 

r-·>=··-~h 
~ M 

172PNN26022 

172JNN21032 

Schneider Electnc 

Modicon Momentum automation 
platform 
Option adapters 

Option adapter modules 
Oescriplion 

Modbus Plus option adapter, Songle Port 

Modbus Plus option adapter, dual redundant ports 

Serial option adapter, single senal port 

Accessories 
Description Use 

From 
Standard Modbus Plus cables T -Junctoon box 

To 

T·tunction box 

Modbus Plus Drop cables Communocatoon T·Junctoon box 
modules for 
Momentum 110 bases 

Modbus Plus RS 485 cables -

RS 485 master communication -
cable (RJ45/RJ45) 
Modbus Plus RJ45 cable 

Modbus Plus RJ45 cables 
doubl-nded 

RS 232 communication cables 
(RJ451RJ45) 

Description Use 

Length 

30m (100ft.) 
150m (100 It) 
300m (100ft.) 
450 m (1500 ft.) 
1500 m (5000 ft.) 

2.4 m (8ft.) 
6m(20ft) 

25m(100on) 
1m (3ft.) 

0 3m (1 It) 

3m(10ft) 

3m(10ft.) 
10m (30ft.) 

1m (3ft.) 
3m (10ft) 
6m(20ft) 

Modbus Plus taps IP 20 junction box for tap-off connection (T). ontegrata the 
taominator. Requores lhe wiring tools 043 509 383 
IP 65 Junctoon box lor tap-off connection (T), supports 1 RJ45 
connector on front panel for taom1nal 

Modbus Plus line connector Commun1cafion module connecllon 
(9-Pon Sub-D) 
Modbus Plus line terminators 2 Impedance adapters for box 
(sold In lot of 2) (IP 20) 990 NAD 230 00 (replacement part) 

D-shell adaptens 

Description 

2 Impedance adapters for box 
(IP 65) 990 NAD 230 10 
RJ45to 9-pm (for AT senal port) 

RJ45 to 25·pln (lor XT senal port) 

RS 485 (9-Pon Sub-D) cable connector T for RJ45 

RJ45 shielded connectors 

Modbus Plus terminstlng RJ45 resistor plugs 

RS 485 (RJ45) cabta connector T for RJ45 

RS 485 Multi·Masler RJ45 shunt plugs 

Modbus Plus (9-Ptn Sub-D) cable connector T lor RJ45 

Ground clamp 

Wiring tool 
Mounting trunk and tap w1res on the IP20 JUnction box 990 NAD 230 00 

®1A'9iii9fl.!i.@l 

Sold in lots of 

25 

2 

2 

Reference 

172PNN21022 

172PNN26022 

172JNN21032 

Reference 

490NAA27101 
490NAA27102 
490NAA271 03 
490NAA27104 
490NAA27106 

900NAD2111 0 
990NA021130 

170MCI02010 
170MCI02036 

170MCI04110 

170MCI02120 

170MCI02180 
170MCI02080 

110XCA28201 
110XCA28202 
110XCA28203 

Reference 

990NA023000 

990NAD23010 

ASMBKT085 

ASMBKT185 

990NAD23011 

110XCA20300 
110XCA20400 

Reference 

170XTS04000 

170XTS02200 

170XTS021 00 

170XTS04100 

170XTS04200 

170XTS02000 

424244739 

043509383 

Weight 
kg (oz.) 

0 070 (2.5) 

0 070 (2 5) 

0.070 (2.5) 

Weight 
kg 

0.530 
0.530 

Weight 
kg 

0.230 

Weight 
kg(oz.) 

n 
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Modicon Momentum automation 
platform 
Cabling system 
ConneXium hubs 

Presentation 
Hubs are used for transmitting Signals between several med1a (ports). Hubs are "plug 
and play• devices that do not need any configuration. 
The use of hubs makes it poss1ble to create the following topologies: 
• Star topology using hubs. 
• Tree topology using hubs. 
For more details, consult our catalog "Transparent Ready, Ethernet TCP!IP and Web 
technologies". 

Tree topology Rmg topology 
(w1th 499NOH10510) 

Characteristics and references 

W.Ci.dji'<o H 

Hubs 
Interfaces 

Topology 

Redundancy 

Power supply 

Copper cable ports ';:N;;-um'"7-:be;;...r.;;.a;;.;nd;;;..;.,typ.::..:.e __ ...,1~4;;-x:-;1;:-0c:B..,.Ac:S.=E_· T_,po;;.....,.rts;;._ __ __,_l..,.4-"x-'1..:.0::c.OB:...A .... S:...E;_·TX_"-po;;_rts......,. __ ,_l3 .... x"'--10;;.;B'-A.;.;S_:E;_-T;....!:,.ports;;...;.; __ _ 
Sh1elded connectors i RJ45 
Med1um 1 Shielded tw1sted pa1r 

Line length 1100 m 

Optical fiber ports :,;N.=.um~be::.:r.:a:..:nd:...:.!ty!:pe:::.__--!L,...-___________________ j-:l2::,x:=-:::10::,:B:;:A,::S:,:E:...;·F.=L:.Jpo~rts;;;_ __ 
Connectors 1- I ST (BFOC) 
Med1um ,_ ! Mulb mode opncal fiber 

Line length I 
501125 ~m fiber 12300 m (7.546 fl.) (1) 

62 21125 1-1m f1ber ! - 13100 m (10 170 fl) (1) 

Optical budget I 
50/125 tJm f1ber I- 10 dB 
62.21125 IJm fiber 1 - 13 dB 

Number of cascaded hubs (copper) 14 max. I 2 max. 4 max. 
Number of hubs 1n a nng (fiber) !- 11 max 

VoHage 
Power consumptiOn 
Removable term1nal 

I P1 and P2 redundant power supplies 1 P1 and P2 redundant power 

I 
supplies, redundant optical 

_ nng 

[ ::-:::24 V (18 to 32 V), safety extra low voltage (SELV) 
, 80 mA (130 max. at __ 24 V) 1210 rnA (270 max. at ... 24 V) (160 rnA (350 max. at--· 24 V) 

Operating temperature 10 to +60 •c (32to 140 •F) 
Relative humidity 
Degree of protection 
Dimensions W x H x D mm (in) 

Weight kg (lbs) 
Conformity to standards 

LED indicators 
Alarm contact 

1 1 o to 95% non condensing 
jiP 30 !IP 20 jiP 30 
40x 125 x 80 l47x 135 x 111 i 80 x 140 x85 
(1.57 X 4,92 X 3.14) I (3.15 X 5.51 X 3.35) (1.85 X 5 31 X 4.37) 

1 o.53o (1.17) I 0.240 (0.53) I o.9oo (1.98) 
t cUL 60950, UL 508 and CSA 142, UL 1604 and CSA 213 Class 1 DIVIsion 2, {(, GL 
!FM3810,FM3611Ciass1 ~- jFM3810,FM3611Ciass1 
, DIVision 2 j DiviSIOn 2 
• Power, actMty, link ! Power. actiVIty, link, error I Power, activity, link, collis1on 
r Power supply failure, permanent fault in hub, faulty link status of TP port 
I (volt-free contact 1 A max. under= 24 V) 

Reference 499NEH10410 499NEH14100 . . . . .. . 
(1) Depends on the optJCal budget and fiber anenuallon (typical speclf1caUon: 2000 m (6.560 ft.). 
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Modicon Momentum automation 
platform 
Cabling system 
ConneXium transceivers 

Presentation 
The use of ConneX1um transce1vers makes it possible to perform the following: 
• Creation of linear fiber optic bus topologies, for products with twisted pair cable 
Ethernet connection. 
• lnterfacmg products with twisted pair cable Ethemet connect1on with fiber opt1c 
cable. 

Transceivers are "plug and play" devices that do not need any configuration. For 
more deta1ls, consult our catalog "Transparent Ready, Ethemet TCP/IP and Web 
technologies". 

ConneX1um transceivers prov1de fiber opt1c connections for transmission 1n areas 
subject to interference (high levels of electromagnetic interference) and for long 
distance commumcat1ons. 

!*-----0~ ~ 
I 

I 
I 

, I 

I DTE DTE 

Ltnear topology on opttcal ftber 

Characteristics and references 

Transceivers 

lnterlaees Copper cable port 

Opbcal fiber ports 

Number and type l 1 x 1 OBASE· T port 

Shielded connectors 1 RJ4s 
I Shtelded IWlsted patr 

Ltne leng1h • 100m (328ft.) 

Number and type 11 x 10BASE-FL port 

Connectors ST(BFOC) 

Medtum Multi mode opllcal ftber 

Ltne length 1 
50/125~o~m fiber 12300 m (7.546 fl.) (1) 

62.5/125~o~m ltberl3100 m (10.170 ft.) (1} 

Opttcal budget ; 

50/125~o~m ftber ! 10 dB 

62.5/125 ~o~m ftber 13 dB 

Redundancy I P1 and P2 redundant power supphes 

I 1 X 100BASE·TX port 

· 1 x 100BASE-FX port 

I 
• 5000 m (16 404 It) (1) 

; 4000 m (13.123 ft.) (1) 

BdB 

!11 dB 

Powersupply 7Vo~l~ta~ge~-----------------------+~~~~-2_4~V~(1~8_ro~32~)~,sa __ fe~ty~e~~-lo_w __ vo_lm~ge~(S~E_L_V~)~~~--------~-----------
Power consumpt•on lBO mA (1 00 max. at=:: 24 V) · 190 mA (240 max. at= 24 V) 

Removable term1nal j 5-ptn 

Operating temperature l 0 to + 80 •c (32 to 140 •F) 

Relative humidity j1 0 to 95% non condensing 

Degree of protection . IP 30 i IP 20 

Dimensions W X H X 0 mm (In) 40 X 134 X 80 (1.57 X 5.47 X 3.14) j 47 X 135 X 111 (315 X 5.51 X 3.35) 

Weight kg (lbs) 0 520 (1.15) ! 0.230 (0.50) 

Conformity to standards j cUL 60950, UL 508 and CSA 142, UL 1604 and CSA 213 Class 1 DIVision 2, C (, GL 

I FM 3810, FM 361 1 Class 1 Div1s1on 2 ! -
LED indicators 

Alarm contact 

I P1 and P2 power supplies, Ethemet link/port smtus 

Power supply failure, permanent fault in hub, faulty ltnk status of TP port 
(volt-tree conmct 1 A max under = 24 V) 

Reference 499NTR10010 499NTR10100 
(1) Depends on the optical budget and tiber artsnuat1on (typiCal SpGC1f1cstion: 2000 m (6.560 ft ). 
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Modicon Momentum automation 
platform 
Cabling system 
ConneXium switches 

___i__T_J 
~~ 

CoU!soondomainl 9 Colbslon domain 2 

Switches are used to increase the limits of 
architectures based on hubs or transceivers, by 
separating collision doma1ns. H1gher layer 
communication IS provided between the ports, and 
colliSIOns at link layer are not propagated (f1ltenng). 
They therefore improve performance by better 
allocation of the pass band due to the reduct1on of 
collisions and the network load. 
Certatn Connexium switches also enable redundant 
architectures to be created on tw1sted pa1 r copper or 
fiber opt1c nngs. 

ColliSion 
domain3 

A AT:-
Switches are "plug & play" dev1ces that do not need any 
configuratton. They can also be admtnistered remotely 
via the SNMP or HTTP protocols for monitonng and 
dtagnostics purposes. 

Characteristics and references 

Switches 

Interfaces Copper cable ports 

OptJcal fiber ports 

Topology Number of SWitches 

Power supply redundancy 

Power supply Voltage 

Power consumpUon 

Removable terminals 

Operating temperature 
Relative humidity 

Degree of protection 

Dimensions W x H x D 

Weight 

Conformity to standards 

LED indicators 

Alarm contact 

Number and type 

Shtelded connectors 

Medtum 

Max. distances 

Number and type 

Connectors 
Medtum 

Ftber length 

50/125 ~m fiber 

62.5/125 ~m 

9/125 ~m 
OpUcal budget 

50/125 ~m fiber 

62.51125 ~m 

911251Jm 
Cascaded 

Redundant in a nng 

mm(1n) 

kg (lbs) 

! 
:tl 

. : I 
-~ 

· Unmanaged Shielded twisted pair and optlcal fiber, unmanaged 
basic 

j5x10BASE-T/ •4x10BASE-T/ 3x10BASE-TI f4x10BASE·TI .3x10BASE-TI 

1
100BASE·TXports 100BASE-TXports 100BASE-TXports1 100BASE-TXports; 100BASE-TXports 

tRJ45 

1 Shielded twtsted pair 

1100 m (328ft.) 

1-

! 5000 m (16 404ft.) (1) 

'- · 4000 m (13 124ft.) (1) 

f 
1- .·SdB 1-
i- 11 dB 1-

I 16dB 
!Any 

P1 and P2 redundant power supplies 

, ••• 24 V (1 9 2 to ! ... 24 V (18 to 32 V), safety extra low voltage (SELV) 
130V) 

! 3-pln 1 5-ptn 

, 100mA(120max.) 200mAmax. 240mAmax. j200mAmax 

to to+ so•c (32 to 140 "F) 

, 10 to 95% non condensing 

fiP20 

75.2x143x43 47x135x111 
(2.96 X 5.63 X , (3 15 X 5.51x 3.35) 
1.69) 

2 X 100BASE-FX 
ports 

240mAmax. 

0.190 (0.42) '0.330 (0.72) . 0.335 (0.74) l 0 330 (O 72) ! 0 335 (0.74) 

UL508,CSA 1010, cUL 60950, UL 508 and CSA 142, UL 1604 and CSA 213 Class 1 DIVISIOn 
EN 61 131·2 2, C€, GL 
Power supply, 
Elli link status, 
101100Mbps 

t-

. P1 and P2 power supplies, Ethernet link status, 1ransm1SS1on aellvtty, error 

Acttvrty, power supply failure, permanent faulltn switch, faulty link status of 
TP port (von-free contact 1 A max. under= 24 V) 

Reference 499NES25100 499NMS25101 499NMS25102 499NSS25101 499NSS25102 

80 

{I) Depends on the optical budget and fiber attenuation {typical spec~ficallon. 2 km) 
(2) Depends on the optJcal budget and fiber attenuation (typical specification. 15 km) 
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Modicon Momentum automation 
platform 
Cabling system 
ConneXium switches 
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Switches 

Interfaces Copper cable ports 

Optical f1ber ports 

Number and type 

Sh1elded connectors 
Med1um 

Max diSiances 
Number and type 

Connectors 

'-,~ .. 
Unmanaged, copper · Managed, copper Managed, copper+ fiber 
8 x 10BASE-T/ i 7 X 10BASE-T/ 
1 OOBASE-TX ports • 1 OOBASE-TX ports 

· 5 x 10BASE-T/100BASE-TX ports 

RJ45 

1 Shielded tw1sted pe1r 
; 100m (328 It) 

1- 2 x IOOBASE-FX ports 

1- sc 
Med1um - , Multi mode opllcal I Mono mode optical 

1 f1ber fiber 
Fiber length i l 

50/125 ~m :- i 5000 m (16.404 ft.) (1) -
62 2/125 ~m [- , 4000 m (13.123 It) (1) -
9/125~ - ' - : 32 500 m (1 06.627 ft.) 

! (2) 

OptiCal budget - !a dB 50/125 ~m - .-
62.2/125~ ,- '11 dB .-
9/125~ [- ,- . 16dB 

Ethernet serv1ces - FOR c11ent, SNMP V3, SNTP, mulbcast 111tenng for opt1m1zat1on of the 
Global Data protocol, Web besed conf1gurat1on 
VLAN, IGMP Snoop1ng, RSTP (Rapid Scannmg Three Protocol), 
Port pnonty, Flow control, Port secunty 

Topology Cascaded I Any Number of SWitches 

Redundant 1n a nng 

Redundancy I P1 and P2 redundant power supplies 

Powersupply =V~~~ta~g~e----~-------------------1~~~~-~24~V~(e7e~t~o~3=2~~~·~sT~~e~ty~e=~~ra~lo=w=v~o~lta~g~e~(=S=El=V~)--------------------------
Power consumption 125 rnA (290 max.) : 400 rnA 

Removable term1nals 5-pln 

Operating temperature ! 0 to + eo•c • 0 to + ss•c 
Relative humidity 11 0 to 95% non cond&nslng 

Degree of protection ' 1 P20 

Dimensions W x H x D mm (1n) 47x 135x 111 • 110x 131 x 111 mm 
(3.15 X 5.51 X 3 35) l (4.33 X 516 X 4.37) 

Weight kg (lbs) 

Conlonnlty to standards 

LED lndlc::alors 

Alann contact 

l 0.230 (Q 72) I 0 460 (1.00) 

I cUl60950, UL 508 and CSA 14, UL 1604 and CSA 213 Class 1 DIVISIOn 2, {(, GL 

l P1 and P2 power ; P1 and P2 power supplies, Ethernet link status. redundancy 
supplies, Ethernet link 1 management 
status, 

1l Power supply faliurn, permanent fault in hub, faulty link status of TP port 
(volt-free contact 1 A max. under = 24 ~ 

I - l Redundancy health 
Referene11 499NES18100 499NES27100 499NOS27100 499NSS27100 

Schneider Elactnc 

(I) Depends on the opttcal fiber budget and fiber attenuation (typical spec1f1CBflon. 2 km). 
(2) Depends on the opt1cal fiber budget and f1ber attenuation (typ!cal specif1C8Iton: 15 km) 
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ConneXium IP 67 switch 

Characteristics and references 

IP67swilch - Unmanaged, copper 

Interfaces Copper cable ports Number and type i 6 x 10BASE-T/100BASE-TX ports 
Shielded connectors i M12 (type D) 
Med1um ! Shielded tw1sted pa1r 
Max distances I 100m (328 It) 

Opt1cal f1ber ports Number and type 

Connectors 1 -

Medium 

Fiber length I -

Opt1cal budget 

Ethernet serv1ces 

'

, Store and foiWard, auto MDI/MDX (no need cross over cable), Duplex mode and speed auto 
negotiat1on, auto polanty 

Topology Number of sw1tches Cascaded i Any 
Redundant 1n a nng !-

Redundancy 1-
Powersupply ~V~o~lm~g~e----~~------------------~~~~~-~24~V~(~~~-_18~to_3~2-~~·-sa_f_ety~e-~_ffi~lo~w_v~o~lt~a~ge~(S~E_L_~~------------------------

Power consumption l100mA 

Removable terminals f5-p1n 

Operating temperature : 0 to + 6o•c 

Relative humidity i -
Degree of protection IIP67 

Dimensions W x H x D mm (in) ! 60 x 126 x 31 (2.36 x 4.96 x 1.22) 

Weight kg (lbs) r 0.210 (0.46) 

Conformity to standards t cUL 508 and CSA 22-214 

LED Indicators \ Power supplies, link smtus, dam activity 

Alarm contact 

Reference TCSESU051 FO 

Separate parts 
Power cables, length 2,5 m (8.2 ft.) Female M12 stra1ght connector Female M12 elbow wed connector mm.-.-.-.... .-m..--. .. .-1 XZCP1264L 

Spare power connector I Female M12 stffiiQht connector I Female M12 elbow wed connector 

l;(fldi§e'4· Vi39fl#·M&i· E"3i9 f11#31·&1U: 

Ethernet cables. see page 83. 
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Modicon Momentum automation 
platform 
Cabling system 
ConneXium connection cables 

Presentation 
ConneXium shielded connection cables are available in two versions to meet current 
standards and approvals: 

• Standard EIAITIA 568 shielded tw1sted pair cables: 
These cables conform to the EIAITIA-568 standard, category 5, IEC 11801/EN 
50173 class D. The1r f1re behav1or conforms to NFC 32070# class C2 and IEC 32211, 
Low Smoke Zero Halogen (LSZH). 

• ULand CSA 22.1 approved shielded tw1sted pa1r cables: 
These cables are UL and CSA 22.1 approved. Their f1re resistance conforms to 
NFPA 70. 

References 
Standard EIAITIA 568 shielded twisted pair cables 
Description Pre-equipped at both ends Length Reference 

m(fl) 

Straight-through 2 RJ45 connectors 2 (6 6) 490NTW00002 
shielded twisted pair For connecllon to terrmnal 
cables dev1ces (DTE) 12 (39.4) 490NTW00012 

5 (16.4) 490NTW00005 

40 (131 .2) 490NTW00040 
80 (262.5) 490NTW00080 

· Description Pre-equipped at both ends Length Reference 

Crossed cord 2 RJ45 connectors 
shielded twisted pair For connections between 
cables hubs, sw1tches and 

transceivers 

5 (1 6.4) 490NTC00005 
15 (49.2) 490NTC00015 
40 (131.2) 490NTC00040 
80 (262.5) 490NTC00080 

UL and CSA 22.1 approved shielded twisted pair cables 
Description Pre-equipped at both ends Length Reference 

Straight-through 2 RJ45 connectors 
shielded twisted pair For connection to term1nal 
cables dev1ces (DTE) 

5 (16.4) 490NTW00005U 
12 (39.4) 490NTW00012U 
40 (131 2) 490NTW00040U 
80 (262.5) 490NTW00080U 

Description Pre-equipped at both ends Length Reference 

Crossed cord 2 RJ45 connectors 
shielded twisted pair For connections between 
cables hubs, sw1tches and 

transceivers 

Description Pre-equipped at both enda 

Glass fiber optic 1 SC connector and 
cables for terminal 1 MT-RJ connector 
devices (DTE) to 1 ST (BFOC) connector and 
hubs, switches and 1 MT-RJ connector 
transceivers 2 MT-RJ connectors 

®'GH"!Sf"+@l 

5 (1 6.4) 490NTC00005U 
15 (49 2) 490NTC00015U 
40 (1 31 .2) 490NTC00040U 

80 (262.5) 490NTC00080U 

Length Reference 
m(fl) 
5 (164) 490NOC00005 

5 (164) 490NOT00005 

3 (9 8) 490NOR00003 
5 (16.4) 490NOR00005 

15 (492) 490NOR00015 

Weight 
kg 

Weight 
kg 

Weight 
kg 

Weight 
kg 

Weight 
kg 
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Modicon Momentum automation 
platform 
Concept programming software 

Presentation 
Concept is a software configuration and apphcal!on programming tool for the 
automation platform. It IS a Windows-based software that can be run on a standard 
personal computer. The configuration task can be carried out online (w1th the PC 
connected to the CPU) or offline (PC only). Concept supports the configuration by 
recommending only permissible comb1nat1ons, thereby prevent1ng misconf1gurat1on. 
Ounng online operat1on. the configured hardware is checked immediately for vahdrty, 
and illegal statements are rejected. 

When the connection between programming unit (PC) and CPU IS established, the 
conf1gured values (e.g., from the variables editor) are checked and compared with 
actual hardware resources. If a mrsmatch is detected, an error message rs rssued. 

Concept editors support frve IEC programming languages: 
• Function block dragram (FBO) 
• Ladder diagram (LO) 
• Sequential function chart (SFC) 
• Instruction list (IL) 
• Structured text (ST) 
as well as Modsoft-compat1ble ladder log1c (LL984). IEC 61131·3 compliant data 
types are also avarlable. With the data type editor, custom data types can be 
converted to and from the IEC data types. 

The basic elements of the FBO programmmg language are functions and functron 
blocks that can be combined to create a logical umt. The same basic elements are 
used in the LO programming language; addllronally, LO provrdes contact and coil 
elements. The SFC programming language uses basic step, transit1on, connection, 
branch, JOin and jump elements. The IL and ST text programmrng languages use 
instructrons, expressions, and key words. The LL984 programming language uses 
an instructron set and contact and coil elements. 

You can write your control program in logrcal segments. A segment can be a functional 
unit, such as conveyor belt control. Only one programming language is used wrthm a 
grven segment. You build the control program, whrch the automation deVIce uses to 
control the process, by combining segments within one program. Wrthin the program, 
IEC segments (written rn FBO, LO, SFC, IL and ST) can be merged. The LL984 
segments are always processed as a block by the IEC segments. Concept's 
sophisticated user rnterface uses windows and menus for easy navigation. 
Commands can be selected and executed qurckly and easily using a mouse. 
Context-sensrtive help is ava1lable at each editing step. 

PLC hardware configuration 
Variables for linking basic obJeCts within one sectron are not required by the graphic 
programmrng languages (FBO, LO, SFC and LL984) since these hnks are created by 
connections. These connections are managed by the system, which elimrnates any 
confrguratron effort. Other vanables, such as variables for data transfers between 
different sections, are configured WJth the variables edrtor. Wrth the data type editor, 
custom data types can be denved from existing data types. 

Schnerder Electnc 
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Modicon Momentum automation 
platform 
Concept programming software 

Functions 
Concept provtdes an edttor for each programmtng language. These edttors contain 
custom menus and tool bars. You can select the edttor to be used as you create each 
program segment 

In addttion to the language editors, Concept proVldes a data type editor, a vanables 
edttor and a reference data edttor. 

Function block diagram (FBD) 
Wtth the IEC 61131·3 function block diagram language. you can combine elementary 
func!lons, elementary function blocks (EFBs) and derived function blocks (all three of 
which are known as FFBs) with vanables in an FBD. FFBs and variables can be 
commented. Text can be freely placed wtthin the graphic. Many FFBs offer an option 
for input extensions. 

Concept provtdes various block libraries with predefined EFBs for programming an 
FBD. EFBs are grouped in the libraries according to applicalion types to facilitate the 
search. 

In the FBD edttor, you can dtsplay, modtfy and load tntltal values; current values can 
be displayed. The CLC and CLC_PRO libraries allow you to display animated 
dtagrams of the FFBs and a graph of the current values. 

For custom function blocks (DFBs), the Concept·DFB edttor is used. In this edttor, you 
can create your own functton blocks from EFBs or existing DFBs. DFBs created 1n the 
FBD edrtor can be recalled in the LD, IL and ST editors, and DFBs created in the LD, IL 
and ST editors can be used 1n the FBD editor . 

Ladder diagram (LD) 
With the IEC 61131·3 ladder dtagram language, you can budd an LD program with 
elementary functtons, function blocks and derived funct1on blocks (all of which are 
known as FFBs), along with contacts, cotls and vanables. FFBs, contacts, cotls and 
vanables can be commented. Text can be placed freely w1th1n the graphiCS. Many 
FFBs offer an option for inpu1 extenstons. 
The structure of an LD segment corresponds to that of a current path for relay 
cucu1ts. On its left side is a left bus bar, whiCh corresponds to the phase (L conductor) 
of a current path. As with a current path, only the LD obJects (contacts, coils) connected 
to a power supply (i.e., connected to the left bus bar) are processed 1n LD 
programming. The nght bus bar, which corresponds to the neutral conductor, is not 
viSible. However, all coils and FFB outpu1s are internally connected to 1t tn order to 
create a current flow. 
The same EFB block libraries available for the FBD ed1tor can be used in the LD 
editor to program a ladder d1agram. 

In the LD editor, init1al values can be displayed, mod1fied and loaded; current values 
can be dtsplayed. For the EFBs in libranes CLC and CLC_PRO, antmated dtagrams 
of the FFBs and a graph of the current values can be displayed. 

For custom function blocks (DFBs), the Concept-DFB editor is used. With th1s editor, 
you can create your own functton blocks from EFBs or exisllng DFBs. DFBs created in 
the LD edllor can be recalled tn the FBD, IL and ST editors, and DFBs created in the 
FBD, IL and ST editors can be used in the LD edttor . 
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Modicon Momentum automation 
platform 
Concept programming software 

Functions (continued) 
Sequential function chart (SFC) (1) 

Wrth the IEC 61131·3 sequentral function chart (SFC) language, you can define a 
serres of SFC obJects that compnse a control sequence. Steps, transitions and jumps 
in the sequence can be commented. You can place text freely within graphrcs. You 
can assrgn any number of actions to every step. A series of monitoring functions
e.g., maxrmum and minrmum monitonng time-can be integrated rnto each step's 
charactenstics. The actions can be assigned an attribute symbol (as required by IEC) 
to control the action's performance after rt has been actrvated-e.g., a variable can be 
set to remain actrve after exitrng. 

Instruction list (IL) 
Wrth the IEC 61 1 31·3 IL language, you can call entire functions and functron blocks 
conditionally or unconditronally, execute assrgnments and make condrtronal and 
unconditional jumps within a program segment. 

IL is a text-based language, and standard Wrndows word processing tools can be 
used to generate code. The IL editor also provrdes several word processing 
commands. Keywords, separators and comments are spell-checked automatically as 
they are entered. Errors are highlighted rn color. 

For custom functron blocks (DFBs), the Concept-DFB editor is used. In this edrtor, you 
can create your own functiOn blocks from EFBs or existrng DFBs. DFBs created rn the 
IL edrtor can be recalled rn the ST, LD and FBD editors, and DFBs created in the ST, 
LD and FBD editors can be used rn the IL editor. 

Structured text (ST) 
With the IEC 61131 ·3 ST language, you can call function blocks, execute functions 
and assrgnments and condrtronally execute and repeat instructions. The ST 
programming environment is similar to Pascal. It rs a text-based language, and 
Windows word processrng functions can be used to enter code. The ST editor rtself 
also provides several word processing commands. Keywords, separators, and 
comments are spell-checked automatically as they are entered. Errors are 
highhghted in color. 

Custom funct1on blocks (DFBs) created w1th the ST editor can be called rn the IL, LD 
and FBD editors; DFBs created 1n the IL, LD and FBD edrtors can be used in the ST 
edrtor. 

(1) SFC language, only available wrth Concept M and Concept XL software. 
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Concept programming software 

Functions (continued) 

Data type editor 
The data type editor defines new denved data types. Any elementary data types and 
derived data types already extsting in a proJect can be used for defining new data 
types. With denved data types, vanous block parameters can be transferred as one 
set W1thm the program, this set is divided again into Single parameters, processed, 
then output as e1ther a parameter set or individual parameters. Denved data types 
are defined 1n text format, and standard W1ndows word processmg tools can be used. 
The data type editor also provides several word process1ng commands. 

Variables editor 
The variables ed1tor conta1ns mput options for: 
• The variable type (located vanable, unlocated variable, constant). 
• The symbolic name. 
• The data type. 
• Direct address ( exp1tc11, 1f desired). 
• Comments. 
• ldent1ficat1on as human-machine mterface (HMI) variable for data exchange. 

Reference data editor 
In online mode, the reference data ed1tor displays, forces and controls variables. 

The editor conta1ns the following options: 
• Default values for the variable. 
• Status display for the variable. 
• Various format definitions . 
• The ab11ity to isolate the variable from the process . 
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Functions (continued) 
Ubraries 
EC Ubrary 

The IEC library contains the EFBs defined in IEC 61131-3 (calculations, counters, 
timers, etc) 

Extended Library 
The extended library contains useful supplements to various hbranes. It provides EFBs 
for mean value creation, maximum value selection, negation, triggering, converting, 
building a traverse with interpolabon of the first order, edge detection and 
determination of the neutral range for process variables. 

System Ubrary 
The system library contains EFBs 1n support of system funcbons. It provides EFBS for 
cyde time detection, utll1zabon of various system docks, control of SFC sect1ons and 
system status display. 

CLC and CLC_PRO Ubrary 
The CLC library is used for defrning process-specific control loops. It contains 
control, drflerentiation, integration and polygon graph EFBs. The CLC_PRO library 
contains the same EFBs as the CLC library along with data structures. 

Communication Ubrary 
The communication libranes of built-in function blocks provide easy integration of 
programs which allow communication between PLCs or HMI devices from within the 
PLC's application program. l..Jke other function blocks, these EFBs can be used in all 
languages to share data, or provrde data to the HMI devrce for display to the operator. 

Diagnostics Ubrary 

The diagnostics library rs used for troubleshooting the control program. It contains 
EFBs for act1on, reaction, interlocking, and process prereqUISite dragnostics, along 
with s1gnal monitoring. 

UB984 Library 
The LIB9841ibrary provides common function blocks used in both the 9841adder logic 
editor and the IEC languages. This allows for easy transrlion of portions of application 
code from the 984LL environment to the IEC enwonment. 

Fuzzy Logic Ubrary 
The fuzzy library contains EFBs for fuzzy logic. 

Analog lfO Ubrary 
The ANA_IO library IS used to process analog values. 
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References 
Concept packages 
Description 

Concept S Version 2.6 

Concept M Version 2.6 

Concept XL Version 2.6 

License type 

S1ngle-stat1on 

S1ng1e-stat1on 

S1ngle-stat1on 
Group (3 stat1ons) 
Team ( 10 stations) 
Site(> 10 sta!lons) 

Concept EFB Toolkit Single-station 
Version 2.6 
HVAC Function Blocks Library Site(> 10 stabons) 

Concept package for exploitation and maintenance 

Reference Weight 
kg 

372SPU471 01V26 

372SPU47201 V26 

372SPU47401V26 
372SPU47411V26 
372SPU47421 V26 
372SPU47431V26 

332SPU47001V26 

372HVA16030V25 

Description License type Reference Weight 
kg 

Concept Application Loader Single-station 372SPU47701 V26 

Concept upgrades 
Description License type Reference Weight 

kg 
Concept XL V x.x Single-station 372ESS47401 
to Concept XL V 2.6 Group (3 stations) 372ESS47403 

Team (10 stat1ons) 372ESS47410 
S1te (> 10 stabons) 372ESS47400 

Concept S V x.x S1ngle·stat1on 372ESS47101 
to Concept S V 2.6 
Concept M V x.x S1ngle-stat1on 372ESS47201 
to Concept M V 2.6 
Modsofl V x.x Depends on number of users 372ESS48501 
to Concept XL v 2.6 
Concept EFB Toolkit 372ESS471 01 
v x.x to V 2.6 

Documentation 
Description Number or volumes Reference Weight 

(1} kg 

Concept Installation 840USE4920e 
Instructions 
Concept User Manual 3 840USE49311e 

Concept IEC Block Library 13 840USE4941le 

Concept 984 LL Block Library 2 840USE49611e 

Concept EFB Tool User 840USE49501 
Manual 

(1}• = 0 m thts posttion indicates english language, 1 mdtcates french language, 2 tndtcates 
german language and 3 Indicates spantsh language . 
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Modicon Momentum automation 
platform 
ProWORX 32 programming software 

Presentation 
ProWORX 32 programming software IS a full-featured, Modicon PLC programming 
software that is compatible with Windows platforms (98/NT/2000/XP) that gives you 
the power to program all your Mod1con controllers online or offline, manage your 1/0 
subsystems, and analyze your plant's act1v1ty in real-time. 

Some of the new ProWORX 32 features: 
32-bit processing. With 32-bit processing, ProWORX 32 IS an even more powertul 
solut1on than 1ts predecessors, ProWORX Plus and ProWORX NxT. 32-blt 
processing lets you utilize the power of state-of-the-art operating systems for opt1mal 
development and operational pertormance. 
A comprehensive suite of tools. ProWORX 32 provides everything you will need 
to start, configure, test and complete your project, qwckly, reliably and professionally. 
With its Improved suite of standard utilities, ProWORX 32 IS a v1rtual "one stop shop" 
for your Automation Journey. No more search1ng on the web for spec1al features or 
functions. they're all included to save you time and increase your productivity. 
A powerful offer. In addition, ProWORX 32 Will simplify and speed up your system 
development and commiSSioning time with powertul diagnostics, easier Integration, 
and greater openness and flexibility. 
Easier integration. Using standard Microsoft components for the basis of 
ProWORX 32 opens up a wealth of user data. Import and export capabilities have 
been enhanced to provide a variety of integrat1on options for HMI and third party 
devices, such as a built in "Alliance Tool" which allows users to create hardware 
profiles for newly developed dev1ces. The profiles can even be sent electronically to 
Schneider Electnc for Inclusion in future product releases. 

Windows environment 
The famil1ar Windows-based programming environment means you spend less time 
learn1ng how to do th1ngs, and more time be1ng productive. ProWORX uses familiar 
Windows features like user-defined screens, drag-and-drop, cut and paste, search, 
and global replace. 

Conversion 
484 to 984 in one step I The most flexible conversion tools available 1n the automat1on 
industry. That IS the reputation ProWORX products have always enjoyed, and 
ProWORX 32 is no exception. W1th the ability to convert from older project databases 
to this latest tool, ProWORX 32 supports almost 30 years of PLC heritage. 

Multiple projects 
lmag1ne the time and effort you could save by test1ng a new project with an exist1ng 
project while 11 IS runn1ng live. Now you can with the Multiple Projects function of 
ProWORX 32, even with two PLCs runn1ng simultaneously! Pertorm diagnostic 
checks to validate Interdependencies between your emulated project and your live 
applications, all in real time, so you can go live With total confidence. 

Intuitive Register Editor 
A powertul analysis tool, the Data Watch Window shows you informallon from your 
plant 1n real-time, or logs 11 to d1sk for 1n-depth historical analysis later on. Easily get the 
data you need to make informed, effect1ve production decisions. V1ew and edit data in 
full page display, see trends and track data points against time 1n a spreadsheet, and 
monitor any combinallons of discrete and analog act1vities. 

110 drawing generator 
Save hours of painstaking effort w1th ProWORX 32's 1/0 DraWing Generator, wh1ch 
automatically creates w1ring diagrams for the 1/0 cards defined 1n the Traffic Cop. 
Generate necessary drawings all at once or just one card at a time - s1mply select an 
address the 1/0 card uses with the Network Ed1tor, then click the draWing button on the 
Hardware Back Referencing panel to display the d1agram, and 1f des1red, save it as 
an AUTOCAD-compatible.DXF file or pnnt it. 
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Presentation (continued) 

Network editor 
With the Network Editor, ProWORX 32 reduces development t1me by us1ng the same 
commands and instructions for every controller. Simply cut, copy, and paste 
networks from one platform to any other. 

Program Documentation 
ProWORX 32 IS first-class software with !1rst-class program documentatJon. Use one 
of the many standard templates to get started, and progress to assemble your own 
custom documentation. For better references and easier-to-use documentatiOn, we 
have prov1ded annotat1on down to the "B1r level to allow longer comments and more 
lines of text Even simple things like usmg Windows 0/S fonts to eliminate printer 
issues demonstrates that every detail has been considered. 

Real-time network status 
Ftnd the controller you need fast and simplify network diagnostics w1th ProWORX 
32's powerful Network Scan feature. Network Scan searches your Moobus or 
Modbus Plus networks, then Identifies and graphically displays each device found 
and shows its status. 

Powerful diagnostics 
To effectively control your operation, you need to see your operation m action. The 
built-m HMI allows you to build a s1mple representation of your application to 
v1suahze the entire operation. W1th the "Data Watch Window", you can see values 1n 
real-time and perform "Data Logging" for later data analys1s. The "Trendmg" tool1s a 
simple built-in chart recorder to help you VISualize performance factors without 
having to crunch hard data. And "D1agnostic Trace" helps to eas11y solve complicated 
1ssues such as network element interdependencies. 

Advanced UO management 
Ensure that the 1/0 card you are configuring 1n the software matches the one on your 
plant floor with ProWORX 32's graphical Traffic Cop. It displays 110 cards on your 
screen the same way they look in real life, elimmating all confusion. To place a card, 
just select it from the convenient drop down menu and then drag it 1nto the controller 
slot you want. To save even more t1me, the Traffic Cop automatically associates the 
card's 110 po1nts with a block of free addresses 1n your controller. Once configured, 
manage your 110 w1th Pro WORX 32's complete documentation tools, Wllh references 
for each head, drop, rack, slot and address. And the Traffic Cop's graphical display 
shows you at a glance that your 110 is healthy . 
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Modicon Momentum automation 
platform 
ProWORX 32 programming software 

Presentation (continued) 

Client/Server Tools 
ProWORX 32 allows projects to be developed 1n a collaborative environment without 
sacrifrdng control and secunty by ubhzing the ProWORX 32 server as the central 
reposrtory for projects, the center for security, and the hub for communications. The 
system adm1mstrator has total control over user accounts, user groups, passwords, 
rights, and aud•tmg policies and can grant access when and where needed. 

The client/server relationship allows projects to be skillfully managed and controlled. 
The server can be used to keep "Master" versions of PLC projects for editing (subject 
to rights). while ed1ting is achieved us1ng the client. This can be done via a 
standalone PC or even on the server smce both client and server can reside on the 
same PC. 

The server has the capability to schedule software backups of the controller, detect 
software modifications and store multiple vers1ons. Even more powerful is the ability 
to communicate from the client to the server us1ng erther Ethernet TCP/IP or Mod bus 
Plus. 

Project Emulator 
The project emulator rs a very powerful tool that will help save considerable time in 
the desrgn and testing of your system. It provrdes the ability to test projects pnor to 
runnrng them 1n the PLC run-time environment to ensure your system will run at peak 
efficiency immediately upon commissioning. Two emulators are provided that test 
interdependent projects with one another, g1v1ng you complete confidence and 
peace of mind before gorng live. 

Material List Generation 
Want a shopping list for your PLC equrpment? The Material List Generation function 
automatically creates a list for the project, e1ther online or offline, even taking into 
account the contents of the Traffic Cop. Add pnces and comments once the list IS 

generated, saving you time and msuring that all required components are fully 
documented and identified. 
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Schneider Electric 

Modicon Momentum automation 
platform 
ProWORX 32 programming software 

ProWORX Client/Server software 
ProWORX packages 
Desc:rlption Ucensetype Reference 

ProWORX32 Server 372SPU78001PSEV 

Chant/Server Swte 372SPU78001 PSSV 
Offline/Online Client 372SPU78001 PDEV 

Group (3 stations) 372SPU78001 PSTH 
Team (10 stations) 372SPU78001PSTE 
S1ta (> 10 stallons) 372SPU78001 SITE 
Online Chant 372SPU78101PONL 

ProWORX 32 Lite Offline/Online Chen! 372SPU71 001 PLOY 

Group (3 stat1ons) 372SPU71001PLTH 
Team (10 stallons) 372SPU71001PLTE 

Weight 
kg 

Legacy Product Client 372SPU78401 LPUP 
Upgrade to ProWORX 32 -:::G....:ro"'u.:...p -::(3:-s-:-ta-:-tl-on-s7) -------=a=72:-;S=:P;;-u=7=-840=:-1 ~LPTH=:::-----

Team (10 stafions) 372SPU78401LPTE 
Mult1-stat1on Incremental 372SPU78401SEAT 
Add1t1on 

Documentation 
Description Language Reference Weight 

kg 
ProWORX 32 User Manuals English 372SPU78001 EMAN 

French 372SPU78001 FMAN 

German 372SPU78001 OMAN 

Spamsh 372SPU78001SMAN 
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Modicon Momentum 
automation platform 
Aggressive environments protection 
Optional conformal coating 

Presentation 
If your control system needs to operate 1n a corrosive env1ronment. selected 
Momentum modules can be ordered with a conformal coaling applied to components 
of the product. Conformal coaling will extend 1ts hie and enhance its environmental 
performance capabilities. 

Mixed flowing gas (power on) 

Standard Pollutant Parts/billion 
EIA 364-65 let. i 20 (:t:S) 
level Ill I NO, 

; 200 (:1:50) 

1100 (:1:20) H,S 
l 

ISA-571.04 !CI 110 
GX severe NO 1250 

HS 'so 
so, 1300 

Humidity (operating) 
Standard Concentration (%) 
IEC-68-2-3 93 @ 60 •c (140 •F) 

Salt mist (non-operatmg) 

Standard Concentration (%) 
IEC 68-2-11 5 (:t:1) 

Fungus resistance 

Standard 

MIL-1-46058C I 

Temperature cycling (operating) 

Standard Cycles 
IEC 68-2-14 1100@ 0 ... 60 •c (32 ... 140"F) 

Oust (non-operating) 

Standard Pollutant Weight(%) 
EIA 364-TP91 I Silica 136 
(pending) \Calcite '29 

Jiron OXIde 12 
I Alumina a 
JGypsum 5 
! Paper f1ber 3 
I Cotton f1ber ,3 I Polyester fiber 2 
Carbon black 

!Human hair 0.5 I Cigarette ash 05 

Ci>1A19,'4*1•1"U 

Momentum's perlonnance 
Meets the standard 
Exceeds standard (1250 parts/billion) 
Meets standard 

Exceeds standard (20 parts/b1lllon) 
Maeta standard 
Exceeds standard (100 parts/billion) 
Meets standard 

Momentum's perfonnance 
Meets standard 

Momentum's perfunnance 
. Exceeds standard (5. 7%) 

Momentum's perfvnnance 
Designed to meet standard 

Momentum's perfonnance 
' Meets standard 

Momentum's perfonnance 
Meets standard 
Meets standard 

· Meets standard 
, Meets standard 
Meets standard 
Meets standard 
Meets standard 
Meets standard 
Meets standard 
Meets standard 
Meets standard 
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Modicon Momentum 
automation platform 
Aggressive environments protection 
Optional conformal coating 

This following is a list of Momentum products that are avatlabihty with the optional 
conformal coating. 

Note : Please note that a 'C" is appended to the standard reference for those Momentum 
products. 

Discrete 110 bases 
Type of current 

Discrete input bases 

Type of current 

Discrete output bsses 
sohd state, protected 

Type of current 

Discrete 1/0 bases 

Analog 1/0 bases 
Type 

Input voltage 

24VDC 

OUtput voltage 

24VDC 

Input Output 
voltage voltage 
24VDC 24VDC 
Type 1 protected 

sohd state 

24VDC 24/230VAC 
Type 1 201115 VDC 

relay 

Number of channels 

Modularity Conformity Reference 
(no. of polnta) EC 1131·2 
16(1 x16) Type 1 170A0134000C 
32(2x16) Type 1 170ADI35000C 

Modulanly Current per Reference 
(no. of points) output 
16 (2 x8) 0.5A 170ADD34000C 
32 (2 X 16) 0.5A 170AD035000C 
Modularity OUtputs, current Reference 
Input 
161(1x16) 16 0 (2 X 8) 0.5 A 170ADM3501 OC 
161 (4 X 4) 80 (2 x4) 2 A 170ADM37010C 

10 I (1 X 10) 80 (2 x4)2A 170ADM39030C 
(1) 

Ranges Reference 

Analog inputs 2 bits+ sign 16 s1ngle-ended ± 5 V, ± 10 V, 4-20 rnA 170AAI14000C 
Analog outputs 15 bits+ 4, d1fferent1al Pt 100, Pt 1000, Nl100 170AAI52040C 
sign thermocouples B, E. J, K, N, R, S. T 

8, differential ± 5 V, ± 10 V, 1-5 V±20 rnA, 4-20 rnA 170AAI03000C 
Analog0Uiputs12bits+Sign4 ± 10V,4-20mA 170AA092100C 

~~~n~~uts~e_o_f~d_lscre~_ta_a_n_d_ana~_log~~--b_a~ses----------~O-ut~pu~ts-------------------Reference 

4 differential analog Inputs± 5 v. ± 10 V, 1-5 v 2 analog outputs (}.20 rnA 
13 bits+ sign ± 20 rnA, 4-20 rnA 12 b1ts ± 10 V 
4 discrete Inputs 24 VDC 2 d1screte Inputs 24 VDC-0,5 A 

Communication adapters 
Description Characteristics 

Ethernet TCPIIP network 10M billS 
Modbus Plus network IEC format, non-redundant 

984 format, non-redundant 
Fiplobus Bus manager Prem1um 
INTER BUS Generat1on 3 (SUPI 2) 

Generat1on 4 (SUPi 3, version 2) 
Profibus DP 9.6 K b1t/s to 12M b1tls 

M1/M1E processor adapters 
Memories Communication Port(s) 

256 Ko RAM, 256 Ko Flash 1 Modbus, 1 110 Bus 
512 Ko RAM, 256 Ko Flash 1 Modbus. 1 1/0 Bus 
544 Ko RAM, 512 Ko Flash 1 Ethernet, 1 110 Bus 

544 Ko RAM, 1 Mo Flash, 
IEC Exec 

Option adapters 
Memories 

1 Ethernet, 1 1/0 Bus 

Clock Speed 

32MHz 
32MHz 

50 MHZ 

50 MHZ 

170AMM09000C 

Reference 

170 ENT 11002C 

170 PNT 110 01C 
170 NEF 110 21C 
170 FNT 11020C 
1701NT11000C 
170 INT 110 03C 

170 DNT 11000C 

Reference 

171ccs7soooc 
171CCC76010C 

171 CCC96020C 

171CCC9603DC 

Reference 

ModbUs Plus network Single port, Time-of-Day (TOD) and battery backup 172PNN21022C 
Modus link 2 x RS 232/RS 485 portS, T1me-oi-Day (rOD) and battery backup 172JNN21032C 

(1) operatmg voltage 24 VDC. 

~'A'd"'§fUii~Q 

Weight 
kg 

0190 

0200 

Weight 
kg 

0210 
0.210 

Weight 
kg 

0.200 
0220 

0.260 

Weight 
kg 

0.215 
0.215 

0 215 
0215 

Weight 
kg 

0.240 

Weight 
kg 

0.070 
0.070 

0.070 
0070 
0.070 
0070 
0.070 

Weight 
kg 

0042 

0.042 

0.042 
0.042 

Weight 
kg 

0.070 

0.070 
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1 Communication adapter cover 
2 1/0 base 
3 Standard screw M3-6 
4 Male-female standoff 
5 Added standoff 
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Modicon Momentum automation 
platform 
Enhanced grounding system 

Momentum communication adapter ground screw 
Due to new INTER Bus standards for electrical no1se 1mmunity, a number of 
Momentum products have been updated to Include the enhanced groundmg system, 
which IS required to meet the rev1sed electrical noise immumty standard (ability to 
pass a 2.2 k VDC electrical fast transient burst test) 

This grounding system includes a ground screw 1n the communication or M11M1E 
processor adapter, which IS connected to a fixed standoff-ground nut on the pnnted 
Circuit board and to a standoff on selected Momentum 110 bases 

Nota : Th1s ulectrlcal noisu 1mmumty mqulremunt appltus only to systems that ruquiTe INTERBuS 
car/Jflcation, vers10n 2, and not to any other communiCiltJon natworl< that Momentum 1/0 currently 
uses. Thu standard alectncal fast transJBnl test for Momentum IS 500 VDC. 

The follow1ng IS a hst of the Momentum modules that currently have been updated to 
mclude the new grounding system: 
• Communication adapters. 
• M1/M1 E processor adapters and opt1on adapters 
• Discrete and analog 110 bases 

References 
Range Description Reference see 

page 
Communication Ethernet TCP/IP 10/1 00 M bitsls (V2) 170ENT11001 49 
adapters Ethernet TCP/IP 10 M b1ts/s (V1) 170ENT11002 49 

INTERBUS SUPI 3 (V2) 1701NT11003 57 

F1p1o bus (lor Prem1um) (V2) 170FNT11001 55/96 

M1/M1 E processor 64 K, 1 Modbus. 20 MHz 171CCS70000 70 
adapters 64 K, 1 Modbus, 32 MHZ 171CCS70010 70 

64 K, 2 Modbus, 20 MHZ 171CCS78000 70 

256 K, 1 Modbus, 1 110 bus, 32 MHZ 171CCS76000 70 

512 K, 1 Modbus, 1 110 bus, 32 MHZ 171CCC76010 70 

512 K. 2 Modbus, 32 MHz 171CCC78010 70 

544 K. 1 Modbus, 1 Ethernet, 50 MHZ 171CCC98020 70 

544 K, 1 Ethernet, 1 1/0 bus, 50 MHz 171CCC96020 70 

544 K, IEC Exec, 1 Modbus, 1 Ethernet, 171CCC98030 70 
50 MHz 

544 K. IEC Exec. 1 Ethernet, 1 110 bus, 171 CCC96030 70 
50MHz 

Option adapters Modbus Plus, smgle port 172PNN21022 77 
Modbus Plus, dual redundant ports 172PNN26022 77 
AS 232/AS 485 serial port 172JNN21032 77 

Discrete input 24 VDC 16 inputs 170ADI34000 19 
bases 24 VDC 32 inputs 170ADI35000 19 

Discrete output 24 VDC 16 solid state outputs 0.5 A 170AD034000 19 
bases 24 VDC 32 solid state outputs0.5 A 170AD035000 19 

DC/AC 6 relay form ·c· outputs 5 A 170AD083030 19 

Discrete 110 bases 24 VDC 16 1nputs/16 outputs 0.5 A 170ADM35010 19 

24 VDC 16 fast inputs/16 outputs 0.5 A 170ADM35011 19 

24 VDC 16 •nputs/16 outputs 0.5 A 170ADM35015 19 

24 VDC 16 •nputs w.r1ng check/ 170ADM39010 19 
12 outputs 0 5 A 

24 VDC 16 1nputs16 outputs 2 A 170ADM37010 19 

12to 60 VDC 16 inputs/16 outputs 0.5 A 170ADM85010 19 

24 VDC 10 1nputs/AC or DC/6 relay 2A 170ADM39030 19 

170ARM37030 19 

Analog input 16 Single-ended 1nputs 12 bits + s1gn 170AAI14000 34 
bases 8 differential 1nputs 15 bits + s1gn 170AAI03000 34 

Discrete and 4 d•lferenlial analog mputs/2 analog outputs 170AMM09000 34 
analog 110 bases 4 discrete Jnputs/2 d1screte outputs 170AMM09001 34 

6 analog •nputs/4 analog outputs 170ANR12090 34 
8 discrete 1nputs16 discrete outputs 170ANR12091 34 

Specialty 110 H•gh-speed counter base, 2 Independent 170AEC92000 42 
bases counters 200 kHz max 

110 base Wlth Modbus AS 485 commumcat•on 170ADM54060 42 
port and 120 VAC 6 inputs/3 outputs 0,5 A 

• T"lemecanique Schneider Electnc 
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References Modicon Momentum automation 
platform 

• User Documentation 

References 
Description Language Reference Weight 

kg 
Momentum 1/0 bases user guide English 870USE00200 

French 870USE00201 

German 870USE00202 

Spamsh 870USE00203 

High-Speed counter base English 870USE00800 
(170 AEC 920 00) user guide French 870USE00801 

German 870USE00802 
M1/M1 E processor adapters EngliSh 870USE10110 
and option adapter user guida French 870USE10111 

German 870USE10112 

Spamsh 870USE1 0113 

INTERBus communication adapters English 870USE01 000 
user guide French 870USE01 001 

German 870USE01 002 

Spamsh 870USE01003 
INTERBus communication adapter English 870USE00300 
user guide French 870USE00301 
Profibus DP communication adapter EngliSh 870USE00400 
user guide French 870USE00401 
(includes the GSD conftgurallon 

German 870USE00402 software on 3.5' disk) 

Modbus Plus communication adapter, English 870USE10300 
170 PNT Series user guide French 870USE10301 

German 870USE10302 
Modbus Plus communication adapter, English 870USE11100 

• 170 NEF Series user guide 

Fipio communication adapter English 870USEOOSOO 
(170 FNT 110 00) user guide French 870USEOOS01 

German 870USE00502 
Spanish 870USE00503 

Fipio communication adapter English 870USE10500 
(170 FNT 110 01) user guide French 870USE10501 

German 870USE10502 

Spamsh 870USE10503 

DevlceNet communication adapter English 870USE10400 
usergulda 
(Includes the EDS configuration 
software on 3 5 • d1sk) 

Fipio Bus I Fipway network English TSXDRFIPE 
reference manual French TSXDRFIPF 

German TSXORFIPG 

Spamsh TSXORFIPS 

Modbus Plus network English 890USE10000 
planning and installation guide French 890USE1 0001 

German 890USE1 0002 

Span1sh 890USE10003 

Modbus Plus network BM85 bridge EngliSh 890USE10300 
muHiplexer user guide 

Ethernet TCPJIP network English 490USE13300 
10BASE-T and 100BASE-TX French 490USE13301 

German 490USE13302 

Spamsh 490USE13303 
Modbus/TCPJIP Ethernet communication English 870USE11400 
adapter user guide French 870USE11401 

German 870USE11402 

Spanish 870USE11403 

• XMIT Function Block veraion 3.0 English 840USE11300 
user gulda 
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Product certifications 

I : Cert1fied 

Pending 
cert1ficatton 

Advantys STB 
Advantys Telefast 
ConneXIum 
Lexium05 
Lexium 170 
Magelis iPC 
Magells XBT G 
Magelis XBT FIFCIHIP/EJHMIPM 
Magells XBT NIR 
Modicon Momentum 
Mod icon PL7 
Premium Unity 
Modi con Concept 
Quantum Umty 
Modicon TSX Micro 
TBX 
Twido 
TwinUne 

Technical information 
Automation products certifications 

In some countnes. certification of certain electncal components IS enforced by law. 
A standard confomuty certificate is then issued by the offiCial organization. Each 
cert1f1ed product must carry approval symbols when enforced. 
Use on board merchant navy vessels generally requ1res prior approval 
(=certification) of an electrical device by certain manne classification authorities. 
Key Certification bcldy Country 

CSA Canad1an Standards Association Canada 

UL 
Key 

ABS 
BV 
DNV 

Australian Commumcat1on Authority 
Underwriters Laboratones 
Classification authority 
Amencan Bureau of Sh1pp1ng 
Bureau Ventas 
Del Norske Ventas 

Australia 
USA 
Country 
USA 
France 
Norway 

GL Germanischer Lloyd Germany 
GOST lnstitut de recherche Sc1ent1fique Gost Standarot C. I S. Russ1a 
LR Lloyd's Reg1ster Umted-K1ngdom 
RINA Registro Italiano Navale Italy 
RMRS Regtster of Shipp1ng C I S 
The table below shows the situation as of 01/06/2005 for certifications obta1ned or 
pending from organizations for base PLCs. An overv1ew of certificates for 
Telemecamque products is available on our Internet web site: 
www.telemecanique.com 

Certifications 
C-Tick 

® <B 0 £. @ Hazardous 
locations 

UL CSA ACA SIMTARS GOST 
Class 1 D1v 2 
(1) 

USA Canada Australia Australia CEI, Russia us 
lil"l91 

i 

I I ~~~':; 

i I 

: {(, I JJJ, 
' : ]. 

li il ~1:1 

'L i 1:c~·i(tJ~ 

l I l l(j!l'~:r;,;) 

I I : ll !I i '!;~?; 

I '1;j~rJ\ 

I .i I I I ~1&! 

{1) Hazardous locations: CSA 22 2 no. 213, celf1fled products are swtable for use in Class/, 
diVISion 2. groups A, B, C and D or non-hazardous locattons only 

{2) Dependtng on product, consult our s1te. w-.telemecan1que.com 
(3) cULus nOifh-american celfification {Cenada and US). 
(4) Only XBT FIFC. 
(S) Depending on product, see pages of charactensttcs m th1s catalog. 

Local certifications 
BG Germany 

A5-lnterface Europe 

TSXDPZ10D2A safety module (TSX Mocro) 
TSXPAY2621282 safety modules (Prem1um) 
TWON0110M3 master module (Twtdo) 
TSXSAZ10 master module (TSX Micro) 
TSXSA Y1 00 11000 master modules (Prem1um) 
TBXSAP10 F1p1o bus/AS-Interface bus gateway 

I 
I 

l 
i 
I 

I 
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• 
Marine classification 

, Certified 

Pendmg 
certtlicatton 

Advantys STB 
Advantys Telefasl 
ConneXium 
LexiumOS 
Lexium 17D 
MagelisiPC 
MagellsXBTG 

Magelis XBT FIFCIHIPIEIHMIPM t 

Magells XBT-N/R 

Modicon Momenlum 

Modlcon TSX Micro 
TBX 
Twido 
Twin line 

• Community regulations 

• 
Schnetder Electnc 

Technical information 
Automation products certifications 
Community regulations 

Marine classification des authorities 

' ;::_...,... 

ABS 

USA 

~ 
BV DNV GL LR RINA 

France Norway Germany Unit. -Kingdom Italy 

(1) Dependmg on product. consult our Slle: www.telemecanoque.com 
(2) Except Magelts XBTG2110. 
(3) Request for Marine certifications forecast4"'quarter 2004 . 

European directives 

RMRS 

CJ.S. 

The opemng ol European markets amplies a harmomzataon ol regulations an the 
vanous European Union member states. 
European D1rect1ves are documents used to remove obstacles to the free movement 
of goods and their application is compulsory an all states of the European Union. 
Member states are obliged to transcnbe each Directive into thetr nattonallegaslation 
and, at the same bme, to withdraw any conflicting regulatiOns. 
The D1rect1ves, particularly those of a technical nature wtth which we are concemed, 
only set objectives, called "general requirements". 
The manufacturer must take all necessary measures to ensure that his products 
conform to the requirements of each Directive relating to his equipment. 
As a general rule, the manufacturer affirms that h1s product conforms to the 
necessary reqUirements of the D1rective(s) by applying the C€ label to his product. 
C€ mark1ng1s applied to Telemecanique products where relevant. 

The significance of CE marking 
• U marktng on a product means that the manufacturer certafies that his product 
conforms to the relevant European Darecllves; it rs necessary in order that a product 
which IS subject to a Direcllve(s) can be marketed and freely moved Within the 
European Union. 
• U marking is tntended solely for the nat1onal authorities responsible for market 
regulation. 

For electrical equapment, only conformity of the product to standards indicates that it 
IS suitable for use, and only a guarantee by a recogmzed manufacturer can ensure 
a high level of quality 
One or more Directives, as appropriate, may apply to our products, in parttcular: 
• The Low Voltage Dtrective 72123/EEC amended by Directtve 93168/EEC: U 
marking under the terms of this Directive is compulsory as of 1 January 1997. 
• The Electromagnetic Compatibility Directive 89/336/EEC, amended by Directtves 
92131/EEC and 93/68/EEC: ((marking on the products covered by this Direct1ve has 
been compulsory sance 1 January 1996. 

The system designer must use devices external to the SCADA to protect 
against active faults, which are not indicated and are judged to be dangerous 
to the application. 
This may reqUire solutions from various different technologtes such as mechamcal, 
electromechamcal, pneumatic or hydraulic devices (for example, directly wiring a limit 
SWitch and emergency stop SWitches to the coli of a movement control contactor). 
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Product Reference Index 

• 
043509383. . . .... 53 170AEC92000 ..... 96 
043509383 ........ 77 170AMM09000 ..... 34 
110XCA20300 ..... 70 170AMM09000 ..... 96 
110XCA20300 ..... 77 170AMM09000C .... 95 
11 OXCA20400 ..... 70 170AMM09001 ..... 34 
11 OXCA20400 ..... 77 170AMM09001 ..... 96 
110XCA28201 ..... 70 170ANR12090 ..... 34 
110XCA28201 ..... 77 170ANR12090 ..... 96 
110XCA28202 ..... 70 170ANR12091 ..... 34 
11 OXCA28202 ..... 77 170ANR12091 ..... 96 
110XCA28203 ..... 70 170ARM37030 ..... 19 
110XCA28203 ..... 77 170ARM37030 ..... 96 
170 .............. 95 170BDM09000 ..... 19 
170AAI03000 ...... 34 170BDM09000 ..... 35 
170AA103000 ...... 96 170BN067101 . . . .57 
170AAI03000C .... 95 170BSM01600 ..... 19 
170AAI14000 ...... 34 170CPS11100 .... 71 
170AAI14000 ...... 96 170DNT11000 ..... 59 
170AAI14000C .... 95 170ENT11001 ..... 49 
170AAI52040 ...... 34 170ENT11 001 ..... 96 
170AAI52040C .... 95 170ENT11002 ..... 49 
170AA012000 .... 34 170ENT11 002 . . . . 96 
170AA092100 ..... 34 170FNT11 000 ...... 55 
170AA092100C .... 95 170FNT11 001 ...... 55 
170ADI34000 ..... 19 170FNT11001 ...... 96 
170ADI34000 ...... 96 1701NT11 000 ...... 57 
170ADI34000C .... 95 1701NT11003 . . . .. 57 
170ADI35000 ...... 19 1701NT11003 ...... 96 

• 170ADI35000 ...... 96 
170ADI35000C .... 95 
170ADI54050 ...... 19 

1701NT12000 ...... 57 
170LNT71000 ...... 61 
170MCI00700 ...... 57 

170ADI74050 ...... 19 170MCI0201 0 ...... 77 
170ADM35010 ..... 19 170MCI02036 ...... 77 
170ADM35010 ..... 96 170MCI02080 ...... 77 
170ADM35010C ... 95 170MCI02110 ...... 53 
170ADM35011 ..... 19 170MCI02120 ...... 53 
170ADM35011 ..... 96 170MCI02120 ...... 77 
170ADM35015 ..... 19 170MCI02136 ...... 53 
170ADM35015 ..... 96 170MCI02180 ...... 53 
170ADM37010 ..... 19 170MCI02180 ...... 77 
170ADM3701 0 ..... 96 170MC104110 ...... 77 
170ADM37010C ... 95 170MCI10001... . .57 
170ADM39010 ..... 19 170NEF11021 ..... 53 
170ADM39010 ..... 96 170NEF16021 ..... 53 
170ADM39030 ..... 19 170PNT11020 ..... 53 
170ADM39030 ..... 96 170PNT16020 ..... 53 
170ADM39030C ... 95 170XCP10000 ..... 57 
170ADM54080 ..... 42 170XCP20000 ..... 19 
170ADM54080 ..... 96 170XCP20000 ..... 35 
170ADM69051 ..... 19 170XTS00100 ...... 19 
170ADM85010 ..... 19 170XTS00100 ...... 35 
170ADM85010 ..... 96 170XTS00200 ...... 19 
170AD034000 ..... 19 170XTS00200 ...... 35 
170AD034000 ..... 96 170XTS00301 ...... 19 
170AD034000C ... 95 170XTS00301 ...... 35 
170AD035000 ..... 19 170XTS00401 ...... 19 
170AD035000 ..... 96 170XTS00401 ...... 35 
170AD035000C ... 95 170XTS00501 ...... 19 
170AD053050 ..... 19 170XTS00501 ...... 35 
170AD054050 ..... 19 170XTS00601 ...... 19 
170AD073050 ..... 19 
170AD074050 ..... 19 
170AD083030 ..... 19 • 170XTS00601 ...... 35 

170XTS00701 ...... 19 
170XTS00701 ...... 35 

170AD083030 ..... 96 170XTS00801 ...... 19 
170AEC92000 ..... 42 170XTS00801 ...... 35 

Schneoder Electnc 

170XTS00900 ..... 57 
170XTS011 00 ..... 71 
170XTS01200 ..... 71 
170XTS02000 . . . . . 53 
170XTS02000 . . . . . 77 
170XTS02100. . . . 53 
170XTS02100 ..... 70 
170XTS021 00 . . . . . 77 
170XTS02200 . . . . . 77 
170XTS04000 . . . . . 70 
170XTS04000 . . . . . 77 
170XTS04100 ..... 77 
170XTS04200 . . . . . 77 
170XTS06000.... 61 
170XTS10000 ..... 19 
170XTS10000 ..... 35 
170XTS10000 ..... 42 
170XTS10000 ..... 59 
170XTS10000 ..... 61 
170XTS12000.. . . 19 
171CCC76010 ..... 70 
171CCC76010 ..... 96 
171CCC76010C ... 95 
171CCC78010 ..... 70 
171CCC78010.... 96 
171CCC96020 ..... 70 
171CCC96020 ..... 96 
171CCC96020C ... 95 
171CCC96030 ..... 70 
171CCC96030 ..... 96 
171 CCC96030C . . . 95 
171CCC98020 ..... 70 
171CCC98020 ..... 96 
171CCC98030 ..... 70 
171CCC98030 ..... 96 
171 CCS70000. . . . . 70 
171CCS70000 ..... 96 
171CCS70010 ..... 70 
171CCS70010. . .. 96 
171 CCS76000 ..... 70 
171CCS76000 ..... 96 
171CCS76000C . . 95 
171 CCS78000 ..... 70 
171CCS78000 ..... 96 
172JNN21032 ..... 77 
172JNN21032 ..... 96 
172JNN21032C .... 95 
172PNN21022 ..... 77 
172PNN21 022. . . . . 96 
172PNN21022C . . 95 
172PNN26022 ..... 77 
172PNN26022 ..... 96 
332SPU47001V26 .. 89 
372ESS47101 ..... 89 
372ESS47101 ..... 89 
372ESS47201 ..... 89 
372ESS47400 ..... 89 
372ESS47401 ..... 89 
372ESS47403 ..... 89 
372ESS47410 ..... 89 
372ESS48501 ..... 89 
372HVA16030V25 .. 89 
372SPU47101V26 .. 89 
372SPU47201V26 .. 89 
372SPU47401V26 .. 89 

® '"'9"'95"n.p 

372SPU47411V26 .. 89 499NEH10410 .... 78 
372SPU47421V26 .. 89 499NEH14100 .... 78 
372SPU47431V26 .. 89 499NES18100 ..... 81 
372SPU47701V26 .. 89 499NES25100 .... 80 
372SPU71001PLDV 93 499NES27100 ..... 81 
372SPU71001PLTE. 93 499NMS25101 .... 80 
372SPU71001PLTH.93 499NMS25102 .... 80 
372SPU78001DMAN. 93 499NOH10510 .... 78 
372SPU78001EMAN .93 499NOS27100 .... 81 
372SPU78001 FMAN . 93 499NSS251 01. . . . . 80 
372SPU78001PDEV 93 499NSS25102 ..... 80 
372SPU78001PSEV 93 499NSS27100 ..... 81 
372SPU78001PSSV 93 499NTR10010 ..... 79 
372SPU78001PSTE 93 499NTR10100 ..... 79 
372SPU78001PSTH 93 840USE11300 ..... 97 
372SPU78001SITE. 93 840USE4920p ..... 89 
372SPU78001SMAN. 93 840USE4930p ..... 89 
372SPU78101PONL 93 840USE4940p ..... 89 
372SPU78401LPTE. 93 840USE49501 ..... 89 
372SPU78401LPTH 93 840USE4960p ..... 89 
372SPU78401 LPUP 93 870USE00200 ..... 42 
372SPU78401SEAT 93 870USE00200 ..... 97 
424244739. . . . ... 70 870USE00201 ..... 97 
424244739 ........ 77 870USE00202 ..... 97 
490NAA271 01 . . . . 53 870USE00203 ..... 97 
490NAA27101 .... 77 870USE00300 ..... 97 
490NAA27102 .... 53 870USE00301 .... 97 
490NAA271 02 . . 77 870USE00400. . . . . 97 
490NAA271 03 . . . . 53 870USE00401. . . . 97 
490NAA27103 .... 77 870USE00402 ..... 97 
490NAA271 04 . . . . 53 870USE00500 ..... 97 
490NAA271 04 . . . . 77 870USE00501. . . . . 97 
490NAA271 06 . . 53 870USE00502. . . . . 97 
490NAA271 06 . . . . 77 870USE00503. . . . . 97 
490NAB0001 0 . . . . 53 870USE00800 ..... 42 
490NAD911 03 . . . . 59 870USE00800. . . . . 97 
490NAD911 04 . . . . 59 870USE00801. . . . . 97 
490NAD911 05 . . . . 59 870USE00802. . . . . 97 
490NOC00005.. 83 870USE01000 ..... 97 
490NOR00003. . . . 83 870USE01 001. . . . . 97 
490NOR00005 .... 83 870USE01002 ..... 97 
490NOR00015 .... 83 870USE01003 ..... 97 
490NOT00005 .... 83 870USE10110 ..... 97 
490NTC00005 . . . . 83 870USE1 0111 ..... 97 
490NTC00005U. . . 83 870USE10112 ..... 97 
490NTC00015 .... 83 870USE10113 ..... 97 
490NTC00015U ... 83 870USE10300 ..... 97 
490NTC00040 .... 83 870USE10301 ..... 97 
490NTC00040U ... 83 870USE10302 .. , .. 97 
490NTC00080 .... 83 870USE10400 ..... 97 
490NTC00080U ... 83 870USE10500 ..... 97 
490NTW00002 .... 83 870USE10501 ..... 97 
490NTW00002U .. 83 870USE10502 ..... 97 
490NTW00005 .... 83 870USE10503 ..... 97 
490NTW00005U .. 83 870USE11100 ..... 97 
490NTW00012 .... 83 870USE11400 ..... 97 
490NTW00012U .. 83 870USE11401 ..... 97 
490NTW00040 .... 83 870USE11402 ..... 97 
490NTW00040U .. 83 870USE11403 ..... 97 
490NTW00080 ... 83 890USE10000 .... 97 
490NTW00080U .. 83 890USE10001 ..... 97 
490USE13300 .... 97 890USE10002.... 97 
490USE13301 .... 97 890USE10003 ..... 97 
490USE13302 .... 97 890USE10300 ..... 97 
490USE13303 .... 97 900NAD21110 .... 77 
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990NAD23020 .... 53 
990NAD23021 .... 53 
990NAD23022 .... 53 
ASMBKT085 ...... 53 
ASMBKT085 ...... 77 
ASMBKT185 ...... 77 
CEA001 ......... 19 
CER001 .... .... 35 
KAB3225LI ....... 57 
KABPROFIB ...... 59 
TCSESU051FO .... 82 
TSXDRFIPE ...... 97 
TSXDRFIPF ...... 97 
TSXDRFIPG ...... 97 
TSXDRFIPS ...... 97 
TSXFPACC12 .. 55 • TSXFPACC14 .... 55 
TSXFPACC2 ..... 55 
TSXFPACC4 ..... 55 
TSXFPCC100 ... 55 
TSXFPCC200 ..... 55 
TSXFPCC500 ..... 55 
TSXIBSCA100 .... 57 
TSXIBSCA400 .... 57 
TSXPBSCA100 ... 59 
TSXPBSCA400 ... 59 
XZCC12FCM50B .. 82 
XZCC12FDM50 ... 82 
XZCP1164L ...... 82 
XZCP1264L ...... 82 

• 
Schneoder Eleelnc ~1G114" 14* 1 • 11·@1 



• 

• 

Schneider Electric Industries SAS 

Headquarters 

• 89, bd Franklin Roosevett 
F - 92506 Rue11 Malma1son Cedex 

hllp.//www schne1der-electnc.com 

MKTED205061 EN 

Owmg to changes in standards and equ1pment, the charactenst1cs 
giVen 1n the text and 1mages 1n th1s document are not b1nd1ng unhl 
they have been confinned wllh us. 

Production · Schneider Electnc lndustnes 
Photos . Schne1der Electnc lndustnes 
Pnnted by 

August2005 



• 

• 

• 

Product data sheet 
Characteristics 

. . 
"' ~ ~ . . 

iti».'tr l'i;"'••'ii 

\ ·•&II 'i @IJ!ILJIII ll.J. 
\. • :;. ~.-"' -·--~~---¥~ _..~~, • -

Complementary 
Data format 

Absolute accuracy error 

170AAI03000 
distributed analog input Modicon Momentum -
8 I differential 

Main 
Range of product 

Product or component 
type 

Analogue input number 

Analogue 1nput type 

Analogue input range 

Mod1con Momentum automation platform 

Analogue 1nput base 

8 

Differentials 

1 ... 5 V, resolut1on 15 bits+ s1gn, input Impedance 
> 0.1 kOhm 
4 ... 20 mA , resolution 15 bits + s1gn , 1nput 
Impedance. 250 kOhm 
+I- 10 V , resolution 14 bits+ s1gn , input 

impedance· > 0. 1 kOhm 
+/- 20 mA , resolution· 14 bits+ s1gn , mput 
Impedance: 250 kOhm 
+/- 5 V, resolution 14 b1ts + s1gn, 1nput Impedance: 

> 0.1 kOhm 1 
~ 
~ 
15 
15 
~ 

Full 16 bits s1gned ~ 
ii 

+I- 0.13% full scale at 25 •c . for mput range 1 ... 5 V " 
+I- 0.19 % full scale at 60 •c , for input range· 1 ... 5 V 1 
+1- 0.21 % full scale at 25 •c . for 1nput range· +/- 5 V 
+I- 0.26 % full scale at 60 ·c , for 1nput range +/- 5 V i '"j 
+1- 0.27 % full scale at 25 •c , for 1nput range· +/- 10 V ! _g I!! 
+I- 0.27 %full scale at 25 ·c , for mput range· 4 ... 20 mA ~ ~ ~ ~ 
+/- 0.32% full scale at 25 •c . for 1nput range +/- 20 mA ~ ~ ~ ~c 
+I- 0.32 % full scale at 60 •c , for 1nput range +/- 10 V 8 ~ 

~ ~ ~§ 
+I- 0.38 % full scale at SO •c , for mput range. 4 ... 20 mA '5 .., I!! ~ 

+/- 0.41 %full scale at 60 ·c ' for input range: +/- 20 mA e i! ii c: 
Q. ~ s: Q 

_C_o_n_ve--~-~o_n_t_lm_e _____________________________ s_1_2_m __ s_o_n_8_1n_p_ut_ch __ a_n_n-el-(s-)------------------------------------ ~2~~ 

------------------------------------------------------------------------------------------ ~~~~ 
Isolation between channels +/- 200 V DC for 1 m1nute 11 " as 

lieU 
Isolation between channels and ground 500 V AC for 1 mmute ~ i'o o 

-l-so-l-ati-.o-n_b_e_tw __ ee_n_ch __ a_n_n-el_s_a_n_d_b_u_s _______________ 5_0_0_V_A_C __ fo_r_1_m __ in_ut_e _________________________________________ ~~~~ 

----------------------------------------------------------------------------------------------- ~:~~ 
PermiSSible common mode voltage 100 Vat DC 47 .. 63Hz, between channels to ground ~ ll ~ .li., 

Common mode reJection 

External power requirement 

250 Vat AC 47 ... 63 Hz , between channels to ground ~ ~ 5 :z; 
~!~: 

<: 80 dB between channels to ground ~ 1> _. 15 
~~!:et 

20 4 . 28.8 V DC fii .,_ ~ 
24VDC -iH. 
< 382 mA DC l! "' ;! ill 

----------------------------------------------------------------------------------------------- ~~;! Reverse polarity protection Internal .!! e c = 
~i!Jll'! 

Markmg CE lii "' Jl " ----------------------------------------------------------------------------------------------- .. .li~i 
Local signalling 1 LED green (ready) i 1: i 11 

8 LEOs (channel status) !! .8 : ~ 
Electncal conneCtion 2 connect~ for removable term1nal blocks ~ !l ~ a 

----------------------------------------------------------------------------------------------- !o~" 
Product weight 0 215 kg !! :;; U 

&~ "i 

Environment 
Standards 

Product certifications 

!tt,,!] 
;!H'ii 
~H_i' 

EN 50081-2 ~ ~ .e g 
'E .. (; (/) 

IEC1131 ~=!~ 
il" ~ .. 

CSA .gH~ 
FM Class 1 DIVISIOn 2 ~ -g is ~ 
UL £Jl~l 

c!i!l-
-----------------------------TC---------------------------------------i2.,~S 

Protect1ve treatment 2 :~ !: 

Resistance to electrostatic diScharge 4 kV contact conforming to IEC 801-2 ~i i~ 
8 kV on a1r conforming to IEC 801·2 ,g ~ o !! 

"E~~ 
ReSistance to electromagnetic fields 10 VIm 80 ... 1000 MHz conforming to IEC 801-3 j g .. ~ ----------------------------------------------------------------------------------------------- ;~;~ 

(!'.!"'-:~ -------------------------------------------------------------------------------



Ambient a1r temperature for operation o .. 60 ·c 
Ambient a1r temperature for storage -40 .85 ·c 
Relative humidity 95 % Without condensation 

Operating altitude S5000 m 

RoHS EUR conformity date 1Q2010 • RoHS EUR status Will be compliant 

• 

• 
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Product data sheet 
Characteristics 
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Complementary 
Analogue output number 

Data format 

Analogue output range 

Load 

Absolute accuracy error 

Temperature dnft 

170AA092100 
distributed analog output Modicon Momentum -
4 0-4 .. 20 rnA 

Main 
Range of product 

Product or component 
type 

Mod1con Momentum automat1on platform 

Analogue output base 

l .. 
o; 
: 
" 4 0 

Full16 bits signed { 

4 ... 20 rnA, resolut1on. 12 b1ts + s1gn, load 1mpedance s g. 
+1- 10 V, resolution 12 bits+ sign, load Impedance.~ 1 kOhm .!! 

~ < 1 !JF ., 

+1- 0.2% of full scale for output range. +1- 10 Vat 25 •c ~ 61 
+I- 0 25 % full scale for output range. +1- 1 0 V at 60 •c :; ~ ~ .: 
+I- 0.4 %of full scale for output range: 4 ... 20 rnA at 25 ·c !! -a;; !1 

!liS! +1- 0.5% of full scale for output range: 4 ... 20 rnA at 60 •c § ;; \! ~ 
1 o o/ooFsrc output range +I- 1 o at 60 .. !S :t ,. 

'!!.!!~!i 
______________________________________ 3_0_o/._oo_F_s_r_c_f_o_r_ou_tp~u_t_ra_n_g_e_4_._ .. _20 __ m_A_a_t_6o __ ·c ______________________ ~~j~ 

<2ms := ""i time 

Full scale 

Fail state 

Isolation between channels and ground 

Power dissipatiOn 1n W 

Protection type 

Output short-circuit protection 

External power requirement 

Permissible common mode voltage 

Reverse polanty protect1on 

Mark1ng 

Local Signalling 

Current consumption 

£2'!!e 
2 rnA for output range 4 .. 20 rnA ~ ~ 1 ~ 
10 V for output range: +I- 10 V ~ ~ ~ ~ 

Hold ~ i-o o 
Reset to full scale 8_l, i S 

IP (5.; !! 
Reset to zero ;; ~, ~ 

O-c,E 
500 V AC for 1 m1nute !l ~ ~ ., --= ol5 

s&5W 
1 : 11 
~i!>-~ I; 

Internal 2 A slow-blow ~ 1i ~ ~ 
fill d 

With I . -:::1~8. 
I In VO tage ClfCUit ~ :. ! :: 

~E(U'-
24 VDC g s -:1.8 
+1- 30 V DC ~ E :; 'ii 

1!h-5i 
250 Vat 47 ... 63 Hz AC between channels to ground .. :s ~:: 

~; 8 i 
250Vat 47 ... 63 Hz DC [: '!! ~ 

5=-m..o 
I ntemal .. .8 ,'i ~ 

~.9cC5 
CE HU 
4 LED channel status i.!! il'!i'l 

~h; 
150 rnA at 24 V DC actuator s .li g -5 
530 rnA at 24 V DC base 3 ~ i ~ 

aD Q. (g: 

Module format Standard 1 ~ £ 2 
----------------------------------------------------------------------------------------------- c~a~ 

Productweight 0.215kg ~:!eli 

Hi~ 

Schneider 
l1Eiect"'•<.: 

til~ 0 til 

S!!a;~ 
cS:""-

HH 
~- .. -
a~~~ 
5~~~ 
ii; -~~ gEtlr}J 
!:~H 
,!;E!!ij 
........ ::z 



Environment 
Product certlficallons 

Protective treatment 

Res1stance to electrostatic discharge 

Resistance to electromagnetic fields 

Ambient air temperature for operation 

air temperature for storage 

Relat1ve humidity 

Operat1ng a1t1tude 

RoHS EUR conformity date 

RoHS EUR status 

CSA 
UL 

TC 
4 kV contact conformmg to IEC 801-2 
8 kVon air conform1ng to IEC 801-2 

10 VIm 80 .. 1000 MHz conforming to IEC 801-3 

o .. so ·c 
-40 .. 85 

95 % without condensallon 

s 5000 m 

102010 

Will be compliant 

Schneider 
l1El•u::trlt: 

• 

• 

• 
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Product data sheet 
Characteristics 

170ADI54050 
discrete input module Modicon Momentum -
standard format - 16 I 100 .. 120 V AC 

Main 
Range of product 

Product or component 
type 

Group of channels 

Discrete 1nput number 

D1screte input voltage 

Protective treatment 

Modtcon Momentum automatton platform 

Dtscrete 1nputs base AC 

2 groups of 8 mputs 

16 conformmg to IEC 1131-2 Type 2 

120VAC 

TC 

l 
~ 

Discrete mput logrc Posttive ~ 

Input hmits 85 ... 132 V ~ 
Network frequency 47 ... 63 Hz i 

.g 
Voltage range 0. 132 V -., 

~ 
Voltage state 0 guaranteed s 20 V ~ ~ ~ 

Voltage state 1 guaranteed ~ 7 4 V k S " 
-------------------------------------------------------------------------------------------~wee 
Current state 0 guaranteed s 2 mA l iS.~ !! 
------------------------------------------~----------------------------------------------- -~ou 
Current state 1 guaranteed ~ 10 mA ~ ~ ~ ~ 

u II'! X. c 

Input reSIStance 7.5 kOhm at 60Hz g ~ e i 
~------------------------------------9~·~5_k_O_hm~a~t~50~H_z ____ ~~--~----------------------------- ~~j~ 

Response time 10 ms at 60Hz from state 0 to state 1 ~o ~ H 
35 ms at 60 Hz from state 1 to state 0 ., ;s -!! 

-~--~--.--be-------------------------------1-7_8_0_V_A_C _______________________________________________ g~!j 
soatton tween group ~as-

Isolation between channels and bus 1780 V AC ~ ! '! ~ 
------------------------------------------------------------------------------------------- &=s~ 
-
M __ a~ __ ~n~g ________________________________ c_E ____________________________________________________ ~!BE 

o-='!!.2 
Local Signalling 16 LEDs (channel status) !'J ~ ~., 

~"!jj Current consumption s 125 mA at 120 V AC ~ 5 2 5 
w~Je 

Product we1ght 0.284 kg ~ ~ _; ~ 
- 5 t5 
~ ~~@ 
~5..:_8 
~i!! 

GSA Hi:: 
FM Class 1 DIVISIOn 2 : J:! E :!! 
UL SJ8s 

a~~~ 
4 kV contact conform1ng to IEC 801-2 § .8 !! ;: 

Environment 
Product certifications 

Reststance to electrostatic dtscharge 
8 kVon air conform1ng to IEC 801-2 -3 B ~ 5 

------------------------------------------------------------------------------------------- ;g[l 
Reststance to electromagnetic fields 10 V/m 80 .. 1000 MHz conforming to IEC 801-3 ~! :i;E 

Amb1ent a1r temperature for operation 0 .. 60 •c ~ ii t ~ 
~Hi 

Ambtent a1r temperature for storage -40 ... 85 •c ~ ~ i ~ 
Relative hum1d1ty 95 % w1thout condensation ~ 1!l .e g 

i! ii! !>"' 
Operating altttude s 5000 m ~ : ~ ia 

-R~o-H-S~E-U~R-co--nf~o-rm_l_ty_d_a_ta--------------------,-0~2_0_1_0------------------------------------------------ Jif~ 
!! ~ 5! 

RoHS EUR status Will be compliant ~ ~ ; ~ 
Jgii.s 
'B' Cit;):~ 

e ~ ~~ Q.i' (If -8 
Sc:'l)·;; 

I ~i~ 
~8"1& 
·i~i 

------------------------------------------------------------------------------------------- ~~~2 
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Product data sheet 
Characteristics 

Complementary 
[Ue] rated operational voltage 

Discrete output current 

M1mmum output current 

Leakage current 

Surge current 

Voltage drop 

Output overload protection 

Response t1me 

Isolation between channels and bus 

Power d1ss1patron 

Marking 

Local Signalling 

Current consumptiOn 

Product weight 

Environment 
Product certifications 

Res1stance to electrostatic discharge 

Resistance to electromagnetiC fields 

Amb1ent atr temperature for operation 

Amb1ent air temperature for storage 

Relattve hum1dity 

Operating altitude 

RoHS EUR conforrmty date 

RoHS EUR status 

170AD074050 
discrete output module Modicon Momentum -
16 0 solid state 

Main 
Range of product 

Product or component 
type 

Group of channels 

D1screte output number 

D1screte output type 

Output voltage 

Current per channel 

Short-Circuit protection 

Protective treatment 

230VAC 

4 A per group 
8 A per module 

30mA 

2.4 mA at 230 V AC 

5 A for 3 cycles 
1 0 A for 2 cycles 
15 A for 1 cycle 

< 1.5 Vat 0.5 A at state 1 

Internal fuse 

Modicon Momentum automat1on platform 

Discrete output base AC 

2 groups of 8 outputs 

16 

Tnac 

230VAC 

S0.5A 

Internal fuse, 5 A slow-blow per group 

TC 

112 x 1tf (= 0.5 of one hne cycle) from state 0 to state 1 
1/2 x 1tf (= 0.5 of one hne cycle) from state 1 to state 0 

1780 V AC for 1 minute 

6 Wtyp1cal 
7.5 W max1mum 

CE 

16 LEOs (channel status) 

65 mA at 230 V AC 

0.284 kg 

GSA 
FM Class 1 DiviSIOn 2 
UL 

4 kV contact conformmg to IEC 801-2 
8 kV on a1r conformmg to IEC 801-2 

10 VIm 80 ... 1000 MHz conforming to IEC 801-3 

o ... 6o ·c 
-40 ... 85 ·c 
95 % wtthout condensation 

s 5000 m 

102010 

Will be compliant 
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Product data sheet 
Characteristics 

Connections 
Ethernet servtce 

Electrical 
(Us] rated supply voltage 

Supply 

Communication 
Web services 

Commumcatton port protocol 

Dtscrete 110 processor capac1ty 

Regtster 1/0 processor capacity 

Number of port 

Functional 
Concept 

Clock frequency 

Exact time for 1 K tnstructton 

Memory type 

Memory descnptlon 

110 hmtt processor capaCity 

1/0 words/drop 

Marktng 

Physical characteristics 
Material 

Word length 

Product we1ght 

171CCC96030 
M1/M1 E processor adaptor- flash capacity 1 
MB- 1 Ethernet, 1 1/0 bus 

Product identification 
Range of product 

Product or component 
type 

Software destgnation 

Processor name 

1/0 scannmg 
Modbus TCP messaging 

5.0 V DC (+/-5 %) 

By Momentum I/O base 

Data edttor 
Rack vtewer 
Web page loader 

Modtcon Momentum automation platform 

M11M1 E processor adaptor 

Concept V2.6 
Modsoft >= V2.5 
ProWORX 32 
ProWORX NxT V2.0 

X 86 based (INTEL, AMD) IEC executive 

Web page loader software tool 

Ethernet 

8192 1/8192 0 

26048 1/26048 0 

1 Ethernet 
1 I/O bus 

Transparent Ready 

50MHz 

1 ms 

RAM , capaCity 544 kB 
Flash , capactty 1 MB 

Data, capacity 24 kB 
Program memory, capaCity. 18 kB, LL984 
Program memory , capacity 200 kB , IEC 

8192 bits max 

80 110 for ProWORX 
128 110 for Concept 

CE 

Lexan 

16 bit 

0.042 kg 

Schneider 
l1Eie<:trH:: 
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Certifications and standards 
Product certifications 

Environment 
Class 

Protecllve treatment 

Amb1ent air temperature for operation 

Ambient a1r temperature for storage 

Relat1ve humidity 

alt1tude 

Vibration reSistance 

FM Class 1 D1v1sion 2 
Nema type 250 
UL 
CUL 

Class B10 

TC 
o ... 6o ·c 
-40 .85 ·c 
5 ... 96% Without condensation 

2000m 

<= 15 gn peak for 11 ms half sine wave 

0.75mmd.a 
1 gn 

• 

• 

• 
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• 
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Product data sheet 
Characteristics 

Complementary 
Topology 

Number of dev1ces 

Cable length 

1701NT11 000 
lnterbus communication adaptor- lnterbus 
generation SUPI2- twisted pair 

Main 
Range of product 

Product or component 
type 

Communication port 
protocol 

Method of access 

TransmiSSIOn rate 

TransmiSSion support 
med1um 

Mod1con Momentum automat1on platform 

lnterbus communication adaptor 

lnterbus generation SUPI 2 

Contmuous shift reg1ster 
Master/Slave 

500 kblt/s 

TWISted pa1r 

1 
,:; 

~ 
~~ ~ 

L~ I 
s 12800 m :; 
s 400 m between two modules ~ 

~~ ~ 
CRC-16 i.,; ~ 

wa~ 
From 1/0 base ::i ii ; s 

ID-= -G! 
.E 8: .S 1! 

--~----------------------------C_E~--------~------------------------------- §;~l 
Local S1gnall1ng 1 LED green bus enable (BA) l!l ~ It ii 

~~ ec 1 LED green remote bus check (RC) -g u 5 8 
1 LED green remote bus disabled (RD) a l ~ a 

-=~--~--------------------------------~-------=--~-=---------=----------------------------- !2~~ 
-E~I_ect __ n_ca~l_co __ nn_~ ___ on ________________________ -=2~co __ n~n_e_ct_o_~_s_u_s_-_D_9 __ ro_r_co __ nn_e_~ __ ng __ ln_te_rb __ us _________________________ o~e~ 

:'] ~ Q. s 
Module format Standard i e ! ! 
Product weight 0.07 kg ~ i!; ----------------------------------------------------------------------------------------------- ~~~~ 

= ~~ ~ 
0i!fii2 
~ea~ 
='!...,!! 

Environment 
CSA ~ 5~i; 
FM Class 1 D1vision 2 ~ ~ ~ ~ 

Product cert1ficat1ons 

UL Ud 
-=------~------------------------------~~--------------------------------------------------- -~~& 

IP degree of protection IP20 ~ ; ~ !! ---------------------------------------=------------------------------------------------------- ~c~z 
Prote~ve treatment TC .!! ~ .~ 'i 
-----------------------------------------------------------------------------------------------~.!iii 

Res1stance to electrostatrc diScharge 4 kV contact conrormmg to IEC 801-2 i -8 ct .. 
8 kVon a1r conrorm1ng to IEC 801-2 .. .\! 8 ·~ t "0 "!!! 

Res1stance to electromagnetic fields 10 V/m 80 ... 1000 MHz conformmg to IEC 801-3 5 !l i ~ e~~.!B;;: 
Amb1ent a1r temperature for operation 0 .. 60 .g s 6_ 6 

-Am---b,-en-t_a_l_rt_e_m_pe __ ra-tu_r_e~ro-r_s_ro_ra--ge----------------4-=o.-.. ~8-5~'C~----------------------------------------------- i!ii 
Relattve humidity 95% without condensation ~~!-!!! 

!l.l!e-
Operating altitude s 5000 m g J! ~ ~ 

gil&" RoHS EUR conformity date 1 0201 0 iii ~ .e 2 
c~~"~Ci0 

RoHS EUR status Will be compliant ~ ~ ~ i'li 
a a go .. 
.giE~ 
.!! i 0 s 
~s~:g 

--------------------------------------------------------------------------~--~ t; ! Sch!teider 
ljtE!e<:tl"l(;; L 1·:, I 

L_J 

HH 
n~~ 
!SJ!! "''!1 
"D ~('5! 

"~U LH 
~~~~ 
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Product data sheet 
Characteristics 

[Us] rated supply voltage 

Input voltage tolerance 

Supply 

Clock dnft 

Battery type 

172JNN21 032 
Modicon Momentum - serial link option adaptor 
-single 

Main 
Range of product 

Product or component 
type 

Number of port 

Communication port 
type 

Mod1con Momentum automat1on platform 

Senal link option adaptor 

S1ngle 

J 
~ 

5VDC I 

+I- 5% I 
Via I/O base l 

u 

+I· 13 s/day accuracy J 
L1th1um , service hfe < 30 day after the battery low indication , 40 "C 

5 
,; ~ 

SIZe 213M ~ 6.!! 
-B~a-tt-e-ry~hf~e~~~~~~~~~~~~~~~~5-y-r~~~~~~~~~~~~--~~~~~~~~~~~~~- ili~ 

~~~~~~~~~~~~~~~~~~--~--~~------~--~~~~~~~~~~~~~~~~~~~-Sis! 
Commumcallon port support RS232 or RS485 senallink selectable 8 iii ill 

.,. ~~iii 
Electncal connection 1 connector D·shell 9 pins for Modbus Plus connect1on '!i .g !!? g 

__ M_a_re_ri_a_I~~~~~~~~~~~~~~~~-L-e_x_a_n~~~~~~~~~~~~~~~~~~~~~~~~~- i!is 
.,~ni 

Mark1ng CE 5 .!1" E 
~~~--~~~~~----~~~~~~--~~~~~~~~~~~~~~~~--~~~~~~~~~-------on~~ 
Local s1gnalhng 1 LED (commumcat1on} ~ ~ ! ;;; 

"~== 
Current consumption 700 mA at 12 V DC ~ ~ o o 
~----------------------------------------------------------------------------------------- t~~~ 
Height 25 mm ~c; I ~ 
~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~------~~~~------~~------- =~-E 
Width 143.1 mm ~ :l5 ~ ~ 
--o-ep-~--------~~~----------~~~------6-0-.0~6--m-m~----------~~--------~~~~--------~~~--- ¥i5~ 

ia~~ 
Module format Standard u ~ "' ., 
------~~--------~~~--------------~~~----~--~--~~------~--~~~~----~--~------- e~~~ 
Product we1ght 85 05 g ~ ~ fi !! 
---~~~~~----~~~~~~----~~~~~~----~~~~------~~~~~----~~~~~--~~~ -~~i ~ O>l!!:l .E 5 a:l tt.. 

~St;;J! 

Environment ii ~ ; E 
--~~~~~~~~~~~~~~~~~~~~~~~~~~~~----~~~~~----~~~~--------~- ~!~ft 
Dielectric strength 500 V DC i 5 l ll 

8:;;8~ 
Standards IEC 529 il.: "2 l! 

Product certificatiOns CSA J j i ~ 
NEMA 250 type 1 H U 
UL c .. Iii"-

&~~ ii 
__ IP_d_e_g_re_e_o_f_p_ro_t_~~·o_n~~~--~~~~~~~~'-P_2_0_co_n_f_o_rm_i_n_g_ro_I_E_C_5_2_9~~~~----~~~~~~~~~~~~- ~~E~ 

Protect1ve treatment TC !i ., .g "' ll::!.,i 
Conformal ooat1ng Humlseai1A33 li"' "- ~ 

!§~Sg 

=S~=hoc==k=r=es=•=sta==nce=============================+=/=·=15~=g=n=ro=r=1=1=m=s=h=a=lf~s=in=e=w==av=e================================= ~:i* 
Vibration resistance 1 gn (f = 57 .. 150 Hz) j i f ~ 
-----,----~~--------~~~~--------~~~~------~~~------------~~--------~~~-------- ~~6~ .. 
Amp 1tude of SinUSOidal VIbration 0.075 mm , 10 .. 57 Hz = .. ~ 
------~--------------~------------~------------~----------------------------~------------- cE:-
~R~e_s_ls_ta_n_ce __ t_o_e~le_ctro __ s_ta_b_c_d_I_Sch--a~~~e--------~-----8~k~V--On--a~lr_co_n~f~o~rm~l~ng __ ro_I~E~C-8~0-1_·2--~--------~--~~~----~~~ !!it 
Resistance to electromagnetiC fields 10 VIm 80 ... 1000 MHz conforming to IEC 801-3 r~ ~~ 

Ambient air temperature ror operabon 0. 60 "C 5 i ~ il 
iO.sC 

Amb1ent a1r temperature for storage -40 ... 85 •c s ~.., ~ 
b~~ 
n~~ 

----------~~----------~~----------~~------------~~----------~~----------~~---------



Relative hum1d1ty 5 ... 95% w1thout condensation 

Operating altitude s 2000 m 

RoHS EUR conformity date 0826 

RoHS EUR status Compliant • 

• 

• 
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Automation software 
Concept v2.s 

The flexible IEC 61131-3 
development environment 
to optimize PLC performance 



Simply Smarr I 
Leveraging 
ingenuity 
and intelligence 
for ease of use. 

Programming 
software 
that unlocks the benefits 
of integrated automation solutions 

Concept v2.6 is the lle.n.ble IEC 61131-3 
programming software specifically designed to 
deliver optimal performance and ease of use • 
from your Modicon Quantum, Momentum, 
and Compact controllers. 

Concept v2.6 is simply the smart choice 

\ 
Choose the enVIronment that best SUits 

your application and your engineering expertise. 

Function Block Diagram (FBD) 

Ladder Diagram (LD) 

Sequential Function Chart (SFC) 

Structured Text (ST) 

Instruction Ust (IL) 

• 



• 

\ 

• Quantum 

• 

Compact 

""_! 

Momentum. 

One application, custom features 
Schneider Electric's Concept software provides users With an advanced Microsoft 
Windows based toolset that delivers a mulblanguage development environment 
for conlrO! system programm1ng. 

Process productivity 
Concept's live IEC editors are the main tools on the integrated programming 
palette that give users the freedom to choose !he programming language ll'lat 

fits their application requirements. Schnelder's IEC software utilizes structured 
programming to ootimize variable usage as well as reduce software design time 
and ma1ntenance costs. 

Multi-level password protection 
Concept provides up to nine levels of software access through easy-to-use 
configuratiOn screens. This deli~ the nexibi!ity to assign multiple levels 
of password security. and reduces the chance for unauthorized changes to 
projects or OFBs . 
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Smart features for 
improved productivity 

Silnple 
Upload IEC programs 
Users can SJmply tum on a preferenca in !he code ge11eralion menu to indude 
upload inf01mation and Concept will store your IEC program and all !he tag names 
in the PLC. This enables the ttansfer of previously loaded Corn:ept !EC programs 
from !he PLC to the programming deVJce. 

As an additional feature. Concept offers tne unique option to store your variable 
and section comments in the PLC. 

Using familiar. standardized editors bundled '" a single application. users can 
create and integrate PLC control, communication and diagnostic logic. 

Ingenious 
Reuse objects 
Conceprs mutb-language de\'elopment enwonment enables programmers to create 
standard libraries or Derived Function Blocks (DFBs). Concept anows multiple 
instances of DFBs in an app~calion program. These OFBs can be written in Ladder 
Diagram. Function Block Diagram. Structured Text or Instruction Ustlanguages. 
If a particular algorithm or staodan:l piece of control logic needs to be modified, the 
change is performed once and Concept automatically performs any modifications 
for each copy of the OFB. 

Export and import 
To meet customer needs for streamlined programming. Concept offers macros 
!hal duplicate frequently used code segments or sections with modified vanable 
names. Users can exportllmport complete projects. sections. variable list or 
configuration tnformation from/to other Ccncapl applications. 

Simulate first. install second 
Schneider's testing and t!Jagnostlc Sfmulalion tools help users achteve 
sign:ficanuy faster results in e\'ery phase of application development rrom 
specification to implementaoon. 

Security 
Once up and runmng. Ho! Standby SOlutions manage automatic, Instantaneous 
SWitching from the mam CPU to a secondary CPU. The Hot-Standby functiOnality 
available on Schneider's Quantum platform is an integrated pan of Concept and 
does not require any special programming. 

• 

• 



• 

• 

Open 
Broad-based industry acceptance of IEC 61131·3 means users have a common 
set of languages to work Wlth that act as a foundatron. This common foundalion 
delivers opvmal flexibility between programs as well as the 1ntemperabihty to work 
between vendors. 

Data mining 
Concept's performance features are Significantly enhanced by the h:gh level of 
compatibility Jt has with other Schneider products. EKamp!e - Users can access 
Concept tag names via Schneider Electric's OPC Factory Server (OFS). The OFS 
!001 provides direct database access to all Concept variables -located and unlocated, 
elementary and slructured. and displays them as OPC objects. This means any OPC 
Client (e.g. Visua!Basic) has easy online read!wrlte con!TOI of critical PLC data. 
Access f.o this kind of data makes Concept a crucial component in HMI. SCADA. 
MES. and ERP systems. 

Subscription Service (former1y CSP) 
Wrlh your purchase of Concept v2.6. you will automatically receive free software 
updates for a full year. 91Vlng you the latest Concept revisions to keep your software 
a! its h:ghest productivity. Software reg!siratlon required io activate the service . 

Flexibijjzy for a u ide range 
of industries and applications 
Its fleX!bllity and h1gh level of performance make Concept 112.6 especafly well 
surted for a wide variety of applications. Combined with the power of Quantum 
it is tile ideal solution for process control solutio.'lS m Food & Beverage, Oil & Gas, 
and PharmaceutiCal. and the distributed mte!ligence and distributed l/0 capab11i'Jes 
of Momentum ate fdeal for many different kinds of discrete manufacturing and 
conveying applications 



Smart solutions for your 
Quantum-based pharmaceutical 
and food & beverage solutions 

Enhanced security to support 21 CFR part 11 systems 
As the demands for control am:l documentation from regulatory agendas become 
more stringent, Concept v2.6 offers important new features that will allow users 
in the pharmaceut!cal and food & beverage tndustnes to des;gn and operate a 
Mod!con Quantum control system that compiles with 21 CFR part 11 (434A and 
534A controllers only). 

• Password Dialog for enhanced operational security 

• Wnte Restriction List distinguishes Modbus Plus addresses that have only 
"Read" access rrom those that have 'Wnte• access. 

• Auto-Logout allows selling a variable Auto-logout time in the Quantum controller 
when no adlvity takes p!ace for a specified period of time (ex. "download; 
"download change; etc.). After the connection has been reset a user must 
reconnect to the Quantum cordroller. 

• Log-File Encryption allows automatic encryption of the log-file. 

• Secure Applir:Etion Flag for each separa1e project wnich indicates that logg1ng 
and log-file encryption is automatically enabled. 

NOTE 1 ·In ~st cases the exarutve of O...iil"':tllm 434Af53'A CD'It>IX:e'S must De upgraded 
to 1!\e latest vers-on to benef:tlrom !hli!SE! new leah.1?'.! 

NOTE 2 Use o! Concept v2.6 dces 1101 mnere"'Uy .rr:oly comp!'3nte w:t!l CFR 2! 11 
Fo• comp~re detals, p:easli refer to Sd'lne:der User ~Jinual 840 USE 20:> 00 11ers:on 1 0 -
Sclt'l£ der Electr.c Secu~IY Fealutes for 21 CFR Pan 11 Co~phance You sh:ouOd lt30 .'.st 
the FDA web sJe at hll:> II www !da.gov!o:a•com¢ anr:e_ref1lJll't11• 

• 

• 
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Product references and specifications 

Operating Systems 

COmmunications 

NorJ..IEC language 

~im,m .9- [[[[ r ~ -· ·-· t. ~~J- :~ ,.-
Owlolum t.'.:lllll1nllml Coolpact 

140 CPU 113 02 171 ccs 700 00 i"C !:984 258 
140 CPU 113 03 111 CCS 700 Hl i"C E9114 265 
140 CPU 213 04 111 ccs 760 00 ?c e984 21s 
140 CPU 424 02 171 ccs 780 00 i"C E9114 285 
140 CPU 434 12 171 CCC 780 10 
140 CPU 534 14 111 CCC 760 10 

140 CPU 434 12 A 111 CCC9e020 

140 CPu 534 14 A 111 CCC 960 30 

and deri.<~wes tneteol Hl CCC 9&1 20 

171 CCC980:l0 

Support ol Modbus. Modbus l>ius, and Modbus TCP 1\01100 !/.bit's) 

frueGI'IIIlt!M;~: 

Fl1l'IC!Xln B!oclo O.agram {F5Di i 
F'I.Copeo !lase LC'Jel CO"'I,,O;ant 

Sequeruial Function Owl {SFC) 

Laddet ~m (LOl 

984 ladQer Ulg!C {984lL) 

TCJ<I~ 

S!M:1\ltl!l'l To~ (S1) 1 PI.Coperl ease Level ~;am 

lnsln.rCilen liSt (lt) I PI.Copen Base Level comp!a'>l 

li!:C (Aritl'lmelle. Btstmlee, ~. ~. C011n10r. Edge d6tec!Jon, U:lg'C. Numen~:, Selee1.. Tnnet) 

SXT'ENOEO (Mihmet>e, ~. - J 
SYSTEM (S)'S1cm cased FMI l<brn!y) 

ANA_IO jANlog 110, Con~) 
CONT _ CTl {Clllsed Loop Con !tOll 

FUZZY (Fuuy Logil:) 

01AGNO {Pfoam l>,agl'IO$$) 

COMM (IEC Commurnc.i!!llll) 

EXPERTS (FFB tl:lri!IY lcr Expen MOOl.Ces) 

UB984 (984 l.lldllef Logic FFB'sl 

Onltne ne!;l 

Sym!lal.c addressing 

~.!ISI!arttlf~ 

llltrialte eG®I' 

Oenved Data Types 
DebugginQ !ll4lpol! 

P!Oieei!OII of Ptqects 

~ of Oetwed Fur.CI!Oil Blocks 

Mulli;l!a lclve:s ol ~ crrot!ltliorl are posslb!e 

312SPU4110W26 

372SPU472{)W26 

372SPU4740W26 

372SPU41701V26 

37:!HVAl503G\125 
312SFV16000V30 

Co<le enca;;sulallO!I 

Ot>:t~,S data VISW!a:sllon 

Oatr.'!ld Fu~ !!lacks 

~se of PJde/~ 
&ee!1!!1l!~~pai:Hh~ 

Com:ept s 
C~M 

CantepiXL (l>'.l.l!!Miser licenses av8'lan!e.) 

Cllncept Ap~ laa\'ler 

Cana!pt EFB Tool!<:! (comes w:tll a ~ler 10 af-100 aeabtm IJ( 

~ EF'Bs. nw rn~W~;· creatett EFBs can be inllllt.'-lld t!lUI Conreot 
and used ~ke ail !lligina! EFBs jANO, OR. CTU ••. ,) 
HYAC llbta1y 2.5 (an EFB !d!ra1y lor commM HVAC app!:!:al:oos) 

SFC 11-3.0 tan Ad!vnX I':Oill!Oitalisp!ay status •r.!ormal>on on en 
Operata! Stll'.!on torn:em:nt~ all SFC Slldlons nmnlng in lite F'LC). 



Schneider Electric Industries S.A.S. 

Head 01f1Ca 

69. bd F rankhn Rooseven 

94 504 Rumi-Malrnaison 

FRANCE 

www.sctmelder-eledric com 
www te!emecalliQue com 

The efficiency of Telemecanique 
branded solutions 
Used in combination, Telemecantque products provide quality solutions. 
meeting all your Automation g Co:1tro! applications requirements. 

I 

A worldwide presence 
Constantly available 
• More than 5 000 points of sale in 130 countries. 

• You can be sure to find !tie range of products that are right for you and 
which complies fully wiltl the standards in !tie country where they are used . 

Technical assistance wherever you are 
• Our technicians are at your disposal to assist you in finding the optimum 
solution for your particular needs. 
• Schneider Electric provides you with all necessary technical assistance. 
throughout the world. 

Silnp~y S1nart! 
Due to e.olutJOn of standards M(l equoproont tt>e charactenstJcs mdocated 111 lllXIS and images 

ollhls document do not consbtutll a commitment on our part Wllnout conftrmabon. 

Oes.gt1 www demenu com 

Photos : Schneider Eleclric 
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[JTR.I.CnoN POWP rAIUJAt 
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[liiUCll()ol P1JWP I'AJUJR[ 
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UniACTIOH PUWI> FAILURE 
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• • 
File Logic Speci~l 

Omega Ground Water Treatment 

Treatment Building 

tt 
Login Events 

To Atmosphere 

[.a 
~ 

Flow Tot 

• 
Development! 

IExnl 

DAIL V FLOW> 40 GPM 

EFF. FLOW> 60 GPM 

EFF. SUMP HIGH LEVEL 

EFF. PUMP NOT READY 

CONTAIN. HIGH LEVEL 

AS HIGH LEVEL 

WELLS NOT AVAIL 

BLOWER NOT AVAIL 

BAG FILTER 1 PDAHH 

BAG FILTER 2 PDAHH 

AS HIGH REL. HUM. 

AS HIGH TEMP 

VPGAC DIFF. PRESS. 

VPGAC HIGH TEMP 

POWER FAILURE 



Fie LOQic Special 

Omega Ground Water Treatment 

Treatment Building 
logm 

!!IIW.,o .t.o.•IITV.TOI Pill...., 

OR 

lnllrh OPI!I!ATOI PIIIIII'IOI"d 

I Cancel I 

Bag Filters 

• • 

~ ~ 
Events tfst~Jv Flo~ Tot 

tt 
Login 

To Atmosphere 

Development! 

IElml 

DAILY FLOW > 40 GPM 

EFF. FLOW > 60 GPM 

EFF. SUMP HIGH LEVEL 

EFF. PUMP NOT READY 

COtn AIN. HIGH LEVEL 

AS HIGH LEVEL 

WELLS NOT AVAIL 

BLOWER NOT AVAIL 

BAG FILTER 1 PDAHH 

BAG FILTER 2 PDAHH 

AS HIGH REL. HUM. 

AS HIGH TEMP 

VPGAC Dlff. PRfSS. 

VPGAC HIGH TEMP 

POWER FAILURE 

1W 
Drainage Sump 

• 



• • 
tt 
Login Events 

Omega Ground Water Treatment 
Flow Tot 

To Atmosphere 

I Trea;;;;~-;Sulldlng 

• 
IEXITI 

OAIL Y FLOW> 40 GPM 

EFF. FLOW> 60 GPM 

EFF. SUMP HIGH LEVEL 

EFF. PUMP NOT READY 

CONTAIII. HIGH LEVEL 

AS HIGH LEVEL 

WELLS NOT AVAIL 

BLOWER NOT AVAIL 

BAG FILTER 1 POAHH 

BAG FILTER 2 PDAHH 

AS HIGH REL. HUM. 

AS HIGH TEMP 
VPGAC DIFF. PRESS. 

VPGAC HIGH TEMP 

POWER FAILURE 



Fie LoQic Special Development! 

r 
( 

76.8 

67.2 

57.6 41.72 41.16 

49.0 - I AR STRF DIS BLO!r'\ER TEMP 

104.26 105.02 

38.4 VGACS_DFFERENTIAL_PRESSL..IRE 

11.65 11.82 

28.8 

19.2 

9.6 
TREA ThENT _DISCHARGE_FLCMI 

16.06 15.36 

Real Time Update 

... 
~- -~.;- Jl Stop I r ... --

1 
07:23:02 w .. 

=Hi "----=-- ,-----' 
4homs 

lh 14m 12s 

10~; -1 lMllllim*i 30mms ;\"TeiJipliti;§ 

; I EW Aows II Treatment I 

ji save To File I, ~2rename : _C:\OMEGA_INSTRYMENTAIION_V.AlLUES~toQ9t01.2.QSV _ ... 'I I Close I 

• • • 



• • • 
Fie LOQic Special Development! 

~ ~~ 
Events tfl':t~~ Flo-: Tot 

Omega Ground Water Treatment tl 
Login 

To Atmosphere 

Treatment Building I ll DAIL V FLOW> 40 GPM 
Jl h i I 

EFF. FLOW> 60 GPM 

EFF. SUMP HIGH LEVEL 

EFF. PUMP HOT READY 

COHTAIH. HIGH LEVEL 

AS HIGH LEVEL 

WELLS HOT AVAIL 

BLOWER HOT AVAIL 

BAG FILTER 1 PDAHH 

BAG FILTER 2 PDAHH 

AS HIGH REL. HUM. 

AS HIGH TEMP 
VPGAC Dlff', PRI:SS. 

FLT-205 ~ I I gnn-":'1111 ~ II II H 1 111 VPGAC HIGH TEMP 

POWER FAILURE 

File Name: C:\DOCUMENTS AND SETTINGS\ADMINISTRATOR.OMEGA\t.4Y DOCUMENTS\FO_HIST.CSV 

Set A ow Totalizers (login, press enable button, erter desired value to set tttallzer to, and press the •set tttallzer" button) 

Influent' Flow Totalizer Effluent Flow Totalizer 

[ Enable I [ 1l3843l.OG~~s [ Disabled I [I Enable I ~--;6367.0 qallons [ Disa-;e~J 
Current Influent A ow Totai:' 2Z67885.8~ Gallons Current. Efflue.rit Flow, Total: 2000015.5 Gallons 

I Error Message: None I Open Notepadfl Close --~ 



! 

Extraction Well Faceplate 

Pressure: 12.3 PSJ~ I 
Flow: 3.9G~ 

FAULT 

FAIL TO START 

HIGH VAULT LEVEL 

HIGH PRESSURE 

PAH SP: [ 18.0 p~ ., -
f ~~ I 
I 
: Fall to Start Delay: 1360 Sec. I 0 Sec. 
1 Command Feedback 

Speed Control: I 63.0" I 62.7" 

• 

I Close I I 
--- -··-------- -- --- I 

Bag Filter 1 

PDAH: l•·o psig I 
I PDAHH: 115.1 psig I 
I· Bag Filter 2 

PDAH: l•·o psig I 
PDAHH: 115.1 psig I 

AntiScalant Pump Faceplate 

lower Faceplate 

PMP-215 

CONTAINMENT HIGH 

TANK LEVEL LOW 

I Close I 

L BWR-225 

Air Stripper Blower 

, Remote 

rmm 
~ 
~ 

Flow: 576 sdm 

Rei Humity: 41.3 " 

Disch Temp: 104.9 F 

OVERLOAD 

FAIL TO START 

LQW PRESSURE 

~ Ace. 

Fall to Start Delay: I 2 Sec. I 0 Sec. 

I Close I 

• 

Discharge Pump Faceplate 

I PMP-230 I 
_ Discharge Pump 

Flow: 15.4 gpm 
Sump Level: 1.9 ft 

STARTER FAULT 

FAIL TO START 

~ ~ 

Fall to Start Delay: I 3 Sec. I 0 Sec. 

I Close I 

~· 
PMP-230 

start:B 
stop:B 
LAH:B 

PDAH:I15.0 psig I 
I TAH: 1151.0 Deg. F I 

• 



• • • 
Frle Logic Specral Development' 

t, ....... '~ '"" , t, ........ ~ o1 , t-. I,...~" -'t fl""' Q tt r. C'll TCD .f 1"\IC"C' ne>I:'C"C"'J 11::n: Nov 13 
07:31:45 • Select Tag Ei 

76 8 

67.2 

57 6 

480 

38.4 

28.8 

19.2 

9.6 

00 

[iJ 07.31.4€ 

I~ 
~ 013145 

4hours 

Tagname I Tag Type 
r.l:jAIR_STRIP _DIS_BL. .. I/O Real 
I AIR_STRIP _DISJ> ••. 1/0 Discrete 
i AIR STRIPPER BL •.. 1/0 Discrete 

r.l:J BAG_FIL TER_I_DI ... I/O Real 
r.l:j BAG_FIL TER_Z_DI ... I/O Real 
r.l:jBFI_PDAH_5P I/O Real 
r.l:J BF I_PDAHH_SP I/O Real 
r.l:j BF2_PDAH_SP I/O Real 
r.l:j BF2_PDAHH_SP I/O Real 
r.l:jDaily_FQ I/O Real 
.Daily_FQI l/0 Integer 
.DaUy_FQlO 1/0 Integer 
• DaUy _FQlOO 1/0 Integer 
• Daily _FQ!Ol l/0 Integer 
• Daily _FQIOZ I/O Integer 
• Daily _FQ103 l/0 Integer 
• Daily _FQ 104 1/0 Integer 
• DaUy_FQ105 I/0 Integer 
• Daily _FQ106 1/0 Integer 
• Dady _FQ107 l/0 Integer 
.Datly_FQIOB 1/0 Integer 
• Dally _FQ109 1/0 Integer 
•Dady_FQll l/0 Integer 
.Dady_FQllO I/O Integer 
• Dady _FQlll 1/0 Integer 
.DaUy_FQ112 l/0 Integer 
• Daily _FQ113 1/0 Integer 
• Dady _FQ114 I/O Integer 
•Dady_FQ115 1/0 Integer 
• Daily _FQ116 l/0 Integer 
•Dally_FQ117 1/0 Integer 
•Daily_FQ118 I/O Integer 
• Dally _FQ119 1/0 Integer 
• Daily _FQ12 1/0 Integer 

Filter. I <n~ _ . . ·-· . _iJ..J 
jt70 Items IAIR_STRIPPER_DISCHARGE_FLOW 

I Access Name I Alarm Group 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 

DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 
DASMBTCP $System 

Filename: C:\OMEGA_INSTRUMENTATION_ VALUES_20091 012.CSV 

J!mJ 
I Comment 

BaQ FUter No. I Pressure Dlff. High Setpornt 
Bag Filter No. I Pressure Diff. Hrgh High Setpornt 
Bag Filter No. 2 Pressure Dtff. High Setpornt 
Bag Filter No. Z Pressure Dtff. Hrgh Hrgh Setpornt 
Dally Discharge Flow Total 
AccessLevel 
AccessLevel 
Accesslevel 
AccessLevel 
Accesslevel 
AccessLevel 
AccessLevel 
Accesslevel 
Accesslevel 
AccessLevel 
AccessLevel 
Access Level 
AccessLevel 
AccessLevel 
AccessLevel 
AccessLevel 
Accesslevel 
AccessLevel 
Access Level 
AccessLevel 
Accesslevel 
Accesslevel 
AccessLevel 
Access level 

I 
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The PC115B is a 15.0" low cost indus
trial computer that supports the latest 
advances in microprocessor technology 
using the Intel Celeron M 1.5 GHz CPU 
for high-performance operation. The 
PC 1158 has extensive connectivity with 
high speed Ethernet port, two USB ports, 
and four serial ports. Standard models 
are in stock and ready to ship- all at a 
very affordable price. 

The Gold Series Panel PCs are rug-
ged enough for harsh environments. All 
models have a thick anodized aluminum 
bezel and electro-galvanized steel 
chassis. The motherboard is designed 
specifically for the industrial environment. 
These industrial computers withstand 
direct water jet or spraying when properly 

. installed onto a NEMA4 rated panel. 

Maple also offers many options to the 
standard configuration of the PC 1158. 

Panel PC 

PC115B 

• Bright 16.7 million (24-bit) color TFT 

• Intel® Celeron™ M 1.5 GHz CPU 

• 40 GB hard drive 

• 256MB DDR memory 

• Two USB ports 

• Four serial ports 

• Ethernet port (10/100/1000 Base-n 

• Compact Flash slot 

• CE, NEMA4/IP65 certification 

• Industrial grade construction 

• Microsoft® Windows® XP Pro 

• WebStudio software (optional) 

• 1 year warranty 

Options include faster CPU, more 
memory, and your choice of CD-ROM, 
CD-RW, DVD-ROM, or DVD-RW drives. 
Custom configuration including fanless 
operation and expansion PCI slots are 
available upon request. 

The Gold Series Panel PCs provide an 
open platform with the Microsoft Windows 
XP Professional operating system and its 
extensive hardware connectivity. This 
allows endless configuration options 
for applications of all levels of complex
ity- from simple single panel operator 
interface applications to complex net
worked SCADA systems. Maple Systems 
also offers, as an option, the WebStudio 

HMI/SCADA software. This easy-to
understand web-based interface provides 
a media-rich operating environment that 
communicates system conditions clearly 
to operators, while allowing supervisors 
and engineers to view and append data 
remotely. 

Versatility and reliability, including our top 
notch technical support and customer 
service, make the Maple Systems Gold 
Series Panel PCs a winning combination. 

Every Machine 
Needs the Human Touch 

~ 
r¥~/e 
~e~ 

www.maplesystems.com 



Touchscreen 
Type 5-wire analog resistive 

Resolution 4096 x 4096 cells 
Light Transmission 80% 
Lifespan 10 million activations minimum 

Environmental 
Operating Temperature 32 to 1 04 "F [0 to 40"C] 
Storage Temperature -4 to 140"F [-20 to 60"C] 
Relative Humidity 20-90% non-rondensing 

Shock (operation) SOG/Peak, 20 msec (X,Y, Z axis) 

Vibration 10 to 200Hz, 1.5G Peak , 30min (X,Y, Z axis) 

Ratings NEMA4/IP65 
Certifications CE, E Ml FCC Class A, RoHS compliant 

Specifications subject to change without notice. 

PC115B Dimensions 

Front View 

PC115B Specifications 

Mechanical 
Enclosure Anodized aluminum front bezel 

Heavy duty electro galvanized steel chassis 

Dimensions (WxHxD) 15.75 x 11.81 x 3.90 inches 
[400 x 300 x 99 mm] 

Panel Cutout 14.76 x 10.63 inches 
Dimensions (WxH} (375 x 270 mm] 

Weight 20.91bs [9.5 kg) 

Mounting Panel mount, VESA 75/100 bracket (opt) 

Power Requirements AC plug-in power cord (included) 
AC90-240V Input, 50-60 Hz 
ATX 110W 

Warranty 1 year 

Software 
Operating System Microsoft Windows XP Professional 

HMI/SCADAApplication WebStudio (optional) 

808 134th St SW, Suite 120 
Everett, WA 98204 

~
e 425.745.3229 • 425.745.3429 (fax) 

maple@maple-systems.com 
e.mC' www.maplesystems.com i'NC."t!J 

Rear View 

Bottom View 

A Ethernet LAN 
8 Audio Line-in, Mic and 

Line-out 
C Parallel port 
D 4x COM ports 
E Mouse & keyboard 
F 2x USB 2.0 Host. Type A 
G VGA 
H ACJack 

On/Off switch 

DitMttSions in inch~s (111m/ 
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Breakthrough Visualization Capabilities 
lnTouch 10.0 software empowers you to 
quickly and easily develop custom graphical 
views of your real-time industrial processes. 

In Touch 10.0 software provides a~ 
range of graphics primitives from which 
graphical symbols may be created, Including 
arcs, chords, pies. curves and Microsoft 
Windows• common controls as well as 
the ability to create complex shapes by 
combining simpler shapes together. 
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Advanced graphic attribute manipulation 
enables extremely powerful and precise 
control, via bUilt-In animation or scripting of 
an incredible range of graphic attributes 
including transparency, smooth shading, fill 
style, line style, orientation, size, position and 
visibility enabling engineers to exercise their 
Imagination and creativity to represent 
automation environments with style, utility 
and efficiency. 
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Ready-to-use Symbol Library 
lnTouch 10.0 comes equipped with 
an extensible ArchestrA symbol library 
containing over 500 professionally designed 
ArchestrA graphic symbols, most with 
customizabte 'Intelligence' already 
Incorporated, giving you drag-and-drop 
access to pre-built qlneering components. 

Ubrary symbols may be used out-of
the-box or customized as needed. 
You may add your own new or 
modified symbols, or you may create your 
own special libraries of symbols to suit your 
engineering and development requirements. 
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The ArdtenrA IDE 
powerful multi-ul8r (Htures, 
dledloout and dledHn of oiJieca 
end qmNII .......... ti, ..... C. 
en4 popltlcol feeciiHicll to 
tfewlop.,. of IIJnlfleont dt01tps 
by team memben. 
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One Powerfully Simple Development Environment • 
The Woroerwale l:leYelopnent Sttdo preserves 
and expands WoOOefwale's legendary ease of 
use and now includes a common Integrated 
Development Environment (IDE) for both the 
WONJetware System Platform 3.0 and In Touch 
10.0 to provide unprecedented power. flexibility 
and scalability to engineers and developers 
from the srnSiest HMI application to the largest 

enterprise automation network all 
witti1 a single consistent toolset. 

Tank Specialist 

The feature-rich ArohestrA IDE found in both 
lnTouch 10.0 and System Platform 3.0 
provides powerful multi-user features, check
out and check-in of objects and symbols 
under development, and graphical feedback 
to developers of significant changes by 
team members. 

The ArchestrA IDE provides access to rapid 
propagation of changes throughout an 
application and even across multiple 
networked PC nodes. 



Comprehensive 
graphic toolbox 
unleashes your 

creativity. 

Every graphic element 
and sub-group Is 

Individually editable 
providing tremendous 

control of your 
graphics with 
absolute ease. 
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Grecrc multi-monitor 
support .,..,., )'OU co 

comtruct comptwltemiYe 
multl-rcrwen HMI 
oppllcodom with predle 
contNI of wltucrllzatlon 
and Interaction. 

Actionable Intelligence 
Knowledge is power; and sophisticated, 
intelligent and Interactive graphics that 
accurately communicate the right Information 
are the key to this knowledge. 

PowerfU, intelligent graptics capabilities pt'O\Iide 
context to data, enable faster analysis, and 
facilitate better and more rapid understanding 
of displayed Information. 

Operators are presented the right infonnation, 
at the right time, and in the right fonnat. This 
empowers you to make timely, informed 
decislons, take corrective actions to reduce 
costs and operational incidents, and improve 
productivity across the entire opetation. 

You will be able to take advantage of robust, 
reliable, consistent HMI solutions with 
clutter-free screens and intelligent size
scalable faceplates. 

lnTouch 10.0 data aware controls, intelligent 
graphical objects and built -in provision of 
quality information, plus robust .NET controls 
give you intuitive, accurate and consistent 
visualization of operational processes making 
you more productive, efficient and effective. 

Dynamic symbol scaling, "Tooltips• and 
"mouse-over" capabilities enable you to 
obtain more Information, more quickly 
about operational conditions in streamHned, 
uncluttered screens that provide focus to 
the task at hand. 

Great multi-monitor support enables you to 
construct comprehensive multi-screen 
HMI applications with precise control of 
visualization and interaction 

• 

• 
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Connect and Collect 
lnTouch 10.0 software can connect to virtually 
any Industrial automation and Information 
system and devices using hurl<i"eds of available 
1/0 and OPC servers that are designed to 
work with Wonderware products. 

• OPC technology 

• Wonderware's SuiteUnk protocol 

The lnTouch 10.0 HMIIs capable of serving 
as an OPC client or an OPC server, and 
Wonderware servers provide access to 
lnTouch 10.0 application data through: 

• Microsoft ODE communications 

Third-party developers also can use the 
ArchestrA DA Server toolkit to create additional 
servers that Incorporate one or all of the 
communication methods listed above. 

IT Friendly, Manageable, Secure, Extensible, 
Industry Standard 
lnTouch 10.0 software makes it easier, more 
time efficient and less costly for you to manage 
HMI applications In larger deployments. 

lnTouch 10.0 Is IT-friendly with a centralized 
application management environment, a 
robust centralized securtty model, extensibility 
capabilities and built-In ciagnostics . 

lnTouch 10.0 is easy to manage, secure and 
support with its data aware controls featuring 
built in primitives for data security, quality, 
and status as well as support for .NET 3.0 
controls, support for Terminal Services, Office 
2007 and Microsoft VISta. 

In Touch 10.0 HMI gives you flexibility with 
support for existing In Touch HMI applications 
alongside new graphics so you can upgrade 
one node at a time at your own pace. 

lnTouch 10.0 enables you to utUize industry
leading standards, as well as adopt your own 
i1temal standards, Ytt«tl C8'l be t.Sed tiTolJglout 
ya.r operatioo, enst..ri1g consisteocy, niniTlizirvJ 
customizations and reducing the risk of 
unplanned lncldents. 

Create International Applications 
for Global Use 
lnTouch 10.0 software is 

~
~§§lfully supported in English, 

German, French, Japanese 
and Simplified Chinese, 
with additional languages 
available and supported 
around the world by 
local distributors. 

Support for UTC time, local time, 
time offsets, and daylight savings 
time greatly simplify the task of 
creating global applications. 

In Touch 10.0 software leverages 
Microsoft Tablet PC features such as 
inking and annotation enabling you 
to write values and notes In your 
own handwriting. 



Breakthrough Architecture -No Limits 
Used together, the lnTouch 10.0 HMI and Wonderware System Platform 3.0 provide an 
information and automation application environment of unprecedented power, scalability and 
ease of use; significantly greater than the sum of the parts. 

The Integration of the ArchestrA IDE and the new graphics capabilities of In Touch 10.0 provide a 
smooth upgrade path for In Touch software users into the wortd of ArchestrA applications and the 
Wonderware System Platform 3.0. The upgrade path offers users the benefits of scalability and 
inaeased functionality without sacrificing prior investments In In Touch HMI application development. 

While the Wonderware System Platform 3.0 Is not required to run In Touch 10.0 software, It's the 
ultimate add-on for lnTouch software that will redefine your expectations for a supervisory system: 

• ArchestrA Graphics and Application Objects -the powerful component objects wittWl the 
System Platform 3.0 encapsulate lnTouch 10.0 ArchestrA graphics along with application 
1ogic, 1/0, history £Vld da1a storage, enabling ctag-and-drop solution engineefing. This Is an 
incredible time saver, which also improves the consiStency and maintainability of applications. 

• Common Plant Model - moves beyond the simple tag databases of traditional HMI's. 
As a logical representation of physical equipment and processes, the common plant model 
of the Wonderware System Platform 3.0 abstracts eqUipment and systems into a more 
powerful and productive application development environment with extensive benefits for 
engineering reusability and reduced lifecycte cost. 

• Managed Applications - enable easy and robust remote application deployment and 
rT8'laQE!fT1EI1 fran a CEJltraized erMomiEJlt, v.1th d1arYJ8 p~ caoss ycu entre netwa1<. 

• Extensible Universal Application Platform - builds on the rich graphic capabilities o. 
In Touch 10.0 HMI to extend into all types of plant and industrial applications. 

• Automatic Configuration of System-Wide Functions - so that information is configured 
once centrally, and can be re-used for any application that needs It, including graphics, 
history, alarm and event functions, security, logic, scripting, inputs and outputs. 

• Common Namespace - in the WondetWare System Platform 3.0, it separates application 
code from device communications so both can be easily managed and updated, aUowfng 
re-use on any machine or application. 

• Extended Data Security and Status Indication - builds on the capabilities inherent in 
In Touch software. The Wonderware System Platform 3.0 extends the level of granularity in 
the definition and response for data seci.Xity and status indication In a system. 

,iiiiiiiiiiii~·~w:onderware Production & Performance Management Modules - provide a 
I comprehensive set of functional modules that can extend the Wonderware 

System Platform 3.0 to fit any production or performance management need. 
These rTlOC:1Ues help customers optimize equipment operations and performance, 
improve manufacturing quality. enforce manufacturing and batch execution as 
well as integrate plant application to enterprise systems. 

World-class Customer Support & Services 
Wonderware's Customer Support Services Program makes it easy to 
learn, stay current, gain access to best practices and get assistance 
from the leading support team in the industry. This program Includes 
access to our extensive online knowledge base center. security center, 
and web based training. To learn more about this valuable program 

contact your local sales representative. 
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Warranty 
RACO Manufacturing and Engineering Co. Inc., Emeryville, California warrants 
this product to be in good working order for a period of five years from date of 
purchase as a new product. In the event of failure of any part(s) due to defect in 
material or workmanship occurring within that five year period, RACO will, at it's 
option repair or replace the product at no charge for parts or labor. 

Any alteration of the product without instruction from RACO's Engineering 
Department will automatically void this warranty. If alterations of the unit are 
authorized by RACO, please complete the authorization form in the Owners Manual 
and return the form to RACO to ensure the warranty. Under no circumstances will 
RACO be responsible for consequential or secondary damages. 

The defective product should be returned, insured and freight prepaid, securely 
packaged to the address listed below. Please include a copy of your sales receipt, the 
dialers serial number, and a detailed description of the problem you are 
experiencing. 

RACO Manufacturing and Engineering Co. Inc. 
Service Department 
1400 62nd Street 
Emeryville, CA 94608 

Copyright 
© RACO Manufacturing and Engineering Co., 1993. All rights reserved. No part of 
this manual may be reproduced, stored in a retrieval system, or transmitted in any 
way including, but not limited to photocopy, photograph, or electronic media 
without the written permissiOn of RACO Manufacturing and Engineering Co. 

Disclaimer 
Every effort has been made to ensure the accuracy of this document. However, 
RACO Manufacturing and Engineering Co. assumes no responsibility for its use or 
any third party action as that may result from its use. 

Trademarks 
Verbatim is a trademark ofRACO Manufacturing & Engineering, Co. 
RACO is a registered trademark of RACO Manufacturing & Engineering, Co. 

Printing History 
Printed in USA, June 1993, June 1994, January 1996 
Firmware version 2.09 
RACO Manufacturing & Engineering, Co. 
1400 62nd Street, Emeryville, CA 94608 
(510) 658-6713 
1-800-722-6999 
FAX# 1-510-658-3153 
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Overview 

Product Description 
The Verbatim™ autodialer functions as a remote alarm monitor, typically 
monitoring critical facilities which are not staffed 24 hours a day. 

The Verbatim autodialer may be factory configured for different input and 
output configurations. Your Verbatim may have as many as 32 discrete inputs, 
16 analog inputs, 8 digital outputs and 96 Remote Channels. The minimum 
configuration ofthe Verbatim autodialer monitors 4 internal input channels. 

The internal inputs are sometimes called Physical Channels (PCs). PCs monitor 
user-supplied external sensors such as float switches, limit switches, etc. 
Sensors connected to discrete inputs are usually dry (non-powered), isolated 
contacts which close or open to indicate the sensed condition. In most cases, 
the outputs of logic controllers may be connected directly to Physical Channel 
inputs without the need for interfacing relays or other signal conditioning . 

Remote Channels (RCs) do not directly connect to sensors. RCs monitor PLC 
110 and data table locations as defined by the user. RC data is kept current by 
the Verbatim constantly making queries to PLC data registers over the 
industrial network connection. 

An alarm condition can be indicated by change at a sensor, by new data from a 
Remote Channel (RC), or by loss of AC power. When an alarm occurs, the 
Verbatim accesses the standard phone line to which it is connected, dials the 
appropriate phone numbers and delivers the user's own pre-recorded voice 
message corresponding to those particular alarm conditions that are currently 
active. 

Dialing continues repeatedly through the entire list of up to 16 programmed 
phone numbers, until the alarm is acknowledged by touch tone command or by 
calling the Verbatim autodialer back. 

The Verbatim autodialer incorporates many flexible, voice-supported program
ming and message recording options, to meet a wide range of user require
ments. Yet, in most cases, the user may rely on pre-existing default pro
grammed parameters, greatly simplifying programming. Even defauJt voice 
alarm messages are provided . 

Verbatim Owner's Manual 1-1 



1.2 

1.2.2 

Overview 

Note: 
All user programming except access code and voice message recording may 
be entered, reviewed or changed either from the front panel or from a remote 
telephone at any time. Thus, installation and programming may easily be done 
by separate personnel at separate times. 

Most programming is entered in the form of 3-digit codes as described in this 
manual. All user programming, including recorded messages, is maintained in 
permanent non-volatile memory. 

The Verbatim autodialer incorporates extremely thorough and effective electri
cal surge protection and overall rugged construction, to deliver reliable opera
tion under real-world conditions. 

Manual Description 
This manual guides you through the following procedures: 

• Location and mounting 

• Initial programming 

• Configuring Remote Channels to monitor PLCs 

• Voice message recording 

• Using Your Verbatim autodialer 

• Advanced programming 

A glossary explaining the terms used in this manual is included the end ofthe 
manual, along with a troubleshooting guide, an index, a return authorization 
form, and FCC notice to users. 

Worksheets are provided to document and clarify your programming and 
message recording steps. 

Please take a moment to read, complete, and mail the warranty registration card 
at the back of this manual. 

Conventions 
Throughout this manual various icons are used to visually identify information. 
They are as follows: 

+ The solid diamond symbol shows a list of procedures, decisions, or single 
step tasks. 

• The bullet symbol shows a list of items. 
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Overview 

The bomb indicates a warning message. The information concerns 

process that may result in damage to equipment or harm to a person. 

The hand indicates a caution message. The inforn1ation concerns a 

process that may result in equipment failure. 

The pencil indicates general information . 

The open diamond pattern indicates one or more exceptions or special 

considerations for a process. 

The phone indicates that you can access the Verbatim autodialer 

through your phone. 

0 Other icons include button or keys on the Verbatim autodialer front panel. 

"items in quotes" 

italic 

ALL CAPITALS 

Initial Capital Letters 

Verbatim Owner's Manual 

Quotation marks indicate titles of sections and mes
sages. 

Italic text indicates items for emphasis, message text, 
and sample text. 

Capital letters reference the names of keys, lights, and 
LEDs. 

Capitalization of the first letter of a set of words 
indicates mode and function types . 
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Installation 

This section describes how to install the Verbatim autodialer and how to install 
a parallel printer to use the Parallel Printer Local Data Logging feature. 

Location and Mounting 
Choose a mounting location which is not exposed to condensing humidity or 
temperatures beyond the limits of 20° -130°F. This location should ideally be 
within 5 feet of a standard RJ-11 phone jack and a grounded 120 V AC power 
outlet. 

1. Mount the Verbatim autodialer on centers of6" x 11 3/8" using the 
external mounting ears on the enclosure. #10 or 3116" bolt sizes are best. 

2. Install the NEMA 4X weatherproof outer enclosure, (optional purchase). 

This allows the Verbatim autodialer to be mounted outdoors as long as 
temperature limits are not violated. It is best to provide at least an over
head shelter to minimize direct precipitation and solar heating effects . 

3. Install the heater/thermostat for cold or humid environments, (optional 
purchase). 

The 120 VAC heater dissipates 75 watts, providing a temperature rise of 
approximately 30 degrees, or 60 degrees when enclosed in the optional 
NEMA 4X enclosure. 

Wiring 
Refer to the diagram on page 2-3 for an example of the wiring connections. 

1. Inspect and remove any foreign materials which might create short 
circuits. 

2. Connect the red (positive) battery lead to the positive terminal on the gel
cell battery. 

3. Plug the power cord into a grounded 120 VAC outlet. 

Or, remove the power cord from the Verbatim autodialer and install well
grounded 120 V AC power to terminal strip TS3, located on the lower right 
of the main circuit board . 
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If there are any green grounding wires in place on TS3 originating from • 
plug-in expansion cards, leave those green grounding wires in place on the 
terminal marked GRN (Green). If the Verbatim autodialer turns on when 
power is applied, tum it off with the red POWER ON/OFF key. 

4. Connect dry (unpowered) contacts to the terminal strip connection points. 

The connection point for basic four-channel units is terminal strip TS 1, 
located on the lower left of the main circuit board. Note that there are four 
common return terminals marked "C"; any combination of these internally 
grounded terminals may be used. Terminal strip TS1 may be unplugged 
for convenience. All terminal points are screw clamp type, eliminating the 
need for wire termination lugs. 

The contact input wires should ideally be light (18 to 24 gauge) signal 
wire rather than heavy power wire. This reduces problems of bulk and 
stiffness. 

5. If your unit has 8 or more inputs, the VX32 Channel Expansion Card 
should be plugged into connector J4. 

If your unit has this card installed, then use TS 1 for common return 
connections only, and connect one side of each contact to the appropri
ately marked channel input number on the VX32 card. Leave TS I 
terminals I ,2,3 and 4 disconnected. 

/ Notes: 
+ The common return side of the contacts will need to be consolidated into 

not more than four wires coming into the TSl terminals marked "C''. 

+ Route the wires to the VX32 card so that they do not protrude above the 
top of the card, other wise they will interfere with the front panel board 
when the door is closed. 

+ Terminal strip TS1, and the terminal strips on the VX32 card if any, are 
not removable terminal blocks. Be sure that the terminal strips do not 
become unplugged due to wires being stressed when the door is closed. 

Caution: 
NO 120 V AC INPUT CIRCillTS! Please verify that the circuits you 
connect to these inputs are "dry" (unpowered) and are not directly connected 
to 120 VAC power. Connecting such circuits will damage the unit. 

••• + Exception: 
If your inputs are coming from a logic controller with TTL, CMOS or 5-volt 
DC logic outputs, direct connection may be made as long as the controller has 

• 

the same electrical ground as the Verbatim autodialer. • 
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0 
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Electrical Connection Diagram For Dry Contact Inputs 

VX 32 CHANNEL EXPANSION CARD 
O_.NM"'ItU'HO 

O')r-rrrrr.,.. 

Ofto~~oo.~~~ 

Expansion 
Input Slot 

R G Y B 

,, ................................ -.. .. 

Connect 
Grounded 120 
VAC Power 

TS3 

vx 32 
GROUND 
WIRE 

The common returns for all inputs are connected to TS 1 terminals marked "C". These four 
"C" terminals are connected together and to electrical ground. 

4 Channel Verbatim: Connect one side of each contact to the corresponding numbered 
terminals on TS I. The other side of each contact connects to the common return 
(the "C" terminals on TSI). 

8 Or More Channel Verbatim: Connect one side of each contact to the corresponding 
numbered terminals on the VX32 expansion card. Connect the other side of each contact to 
the common return (the "C" terminals on TSI of the main board). Note that TSI terminals I 
through 4 are not used in this case. 
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Installing the Parallel Printer 
The Verbatim Parallel Printer Local Data Logger feature will print reports on a 
local printer which is connected via a standard parallel interface. The local 
printer will automatically print out each action that occurs; e.g., alarms, ac
knowledgments, programming entries, inquiry calls, etc. You can cause a 
printout, upon command, at any time. Also, you may program the Verbatim 
for automatic printout of all input conditions at regular intervals. A time/date 
stamp will be included with each printed item. 

You will need to: 

+ Connect the parallel printer to the Verbatim front panel using the RACO 
PPC-1 cable (or equivalent). 

+ Set the time and date so that each printout will be accompanied by the 
proper time and date stamp. 

2.3.1 Installing the Printer Cable 

/ Note: 

If you ordered the Verbatim Parallel Printer Port Adapter Cable from RACO 
at the time you ordered your Verbatim autodialer it should already be 
properly instaiied. (The cable may be ordered from RACO using the part # 
VPPC-1.) You may also use an identically wired cable from a separate 
source. If you wish to acquire or fabricate the cable yourself, please refer to 
the, "VPPC-1 Serial Cable Connection Diagram," in Appendix G. 

The front panel circuit board must show a designation of VFP4 or higher. Also, 
the firmware version for the program chips U3 and U4 (on the main circuit 
board) must be V2.01 or higher. If your hardware does not conform to these 
revision levels contact your RACO Sales Representative about getting the 
proper upgrade modules. 

The VPPC-1 cable attaches to the front panel circuit board where the mating 
pins protrude, just inside the front door of the Verbatim . Orient the connector 
so the cable's Pin 1 index (a red stripe on the cable or an arrow on the 
connector) is near the corner of the front panel board. The cable extends out of 
the Verbatim chassis and overlaps the lower chassis wall at the bottom of the 
chassis. When the front door of the Verbatim is closed the flat ribbon cable 
will be safely folded around the lower wall of the Verbatim chassis. 

At the other end ofthe VPPC-1 cable is a standard "Centronics" style 36 pin 
connector. This 36 pin connector is the proper gender to mate with the data 
connector on the back of your parallel printer. However, if the printer cannot be 
located within the three-foot length of the VPPC-1 cable, install a standard 
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Installation 

"Centronics" paral1el printer extension cable (male on one end, female on the 
other). The extension cable extends from the end of the VPPC-1 cable to the 
printer. 

/ Note: 

The maximum length of the printer extension cable should be no greater than 
10 feet. If you need to extend the printer greater than 1 0 feet from the Verba
tim please consider ordering the RACO Serial Local Data Logger Option. 
Serial interfaces may be extended to a few hundred feet if necessary. Further
more, if a serial interface is used together with special "line driver" devices, 
the printer cable may be extended for thousands of feet. 

Load Paper and Place Printer On line 
The printer must be properly loaded with paper and be on line in order for the 
Verbatim to print reports. (Some printers have a button labeled "select" rather 
than "on line.") If the printer runs out of paper or is taken offline, printing will 
cease immediately. A limited amount of printout data can be saved in the 
Verbatim internal print buffer while the printer is off line or out of paper. The 
size of the Verbatim printer buffer depends on several factors such as which 
Verbatim options are configured (i.e., analog, RSC, PLC interface, etc.). lfthe 
printer is off line or out of paper, printout data is sent to the Verbatim buffer 
each time it would otherwise be printed on the printer. Once the amount of data 
sent to the buffer exceeds the size of the buffer, printout items will continue to 
be copied to the buffer but will begin to overwrite buffered data. The printer 
buffer "wraps'' around and new printout data is copied over the oldest printout 
data. 

It is possible that no data will be lost while your printer is out of paper or off
line if you manage to restore the printer to operation before the Verbatim buffer 
"wraps." Then as soon as the printer is restored to operation, the Verbatim 
sends the buffered reports to the printer. (Note that the date/time stamp 
eventually printed will show the time and date of the event; not the time and 
date of the printing activity.) 

Programming Time and Date 
Time and date may be entered or changed with the following programming 
code entries: 

+ To check the date: 

9 4 1 ENTER 
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+ To set the date: 

9 4 1 MM DD YY DW ENTER 

MM is the month (01 for January, etc.), DD is the day of the month (07 for the 
7th day ofthe month, YY is year (93 for 1993) and DW is the day of the week 
(1 for Sunday, 2 for Monday, etc.) Entry of the DW is optional. 

+ To check the time: 

9 4 2 ENTER 

+ To set the time: 

9 4 2 HH MM SS ENTER 

HH are the hours in 24 hour format (13 for 1 PM), MM for minutes (don't 
forget the leading zeros) and SS is the seconds. Entry of SS is optional. 

+ To clear the time and date back to a default time andre-initializes the real
time clock chip: 

935 7 ENTER 

/ Note: 

• 

The preceding operation should only be necessary if the real-time clock chip • 
has been added or replaced in the field. 

Printout at Regular Intervals 
The Verbatim autodialer may be programmed to automatically log (print on the 
printer) all input conditions at regular intervals, by entering the following code: 

943 XXX.X ENTER 

where XXX.X is the desired printing interval in hours, from 0.1 to 999.9 
The first such printout will occur when the period elapses, rather than 
immediately upon programming. 

+ To check the presently programmed printing interval enter the following 
code: 

943 ENTER 

+ To tum off the regular interval printing function enter the following code: 

943 0 ENTER 

+ To immediately print a record of all current user programming enter the 
following code: 

944 ENTER 
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Turning Off the System With a Printer 
Some parallel printers tend to "leak" electrical current through the parallel 
interface into the Verbatim when it is powered off, resulting in the Verbatim 
not remaining turned off. It is possible that a few seconds after powering off 
the Verbatim it will tum itselfback on again. To remedy this condition simply 
tum off the printer whenever turning off the Verbatim . 
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••• • 

Programming and Testing 

Starting Up and Clearing the Unit 
Basic set-up and testing ofthe Verbatim involves: 

+ Program at least one phone number. 

+ Program the input channels to reflect alarm conditions. 

+ Test the alarm conditions to be sure witing and programming are correct. 

+ Record voice messages, trip delays and other programming as desired. 

All programming operations must be done with the unit in the Program mode. 

1. To put the Verbatim autodialer in the Program mode, press PROGRAM. 

Program mode is indicated by the lighted PROGRAM LED. 

Note: 
Before you begin programming the Verbatim for your monitoring application it 
is best to first clear the unit's memory of any old programming. This step also 
ensures that memory corruption, which might have occurred during shipment or 
due to anomalous power distrubances, will be wiped away. See Step 2 below. 

Caution: 

The following step erases all user programming including recorded messages 
so normally it is done only at initial start-up. 

2. To clear the system memory, press: 

9 35 9 ENTER 

If you make an error in code entry, press CANCEL and start again . 

Exceptions: 
If you have powered up your Verbatim without connecting a live telephone line 
to the unit you may observe that the TF AIL indicator is on. This indicates that 
the unit is checking for the presence of a telephone connection and attempting 
to determine the line configuration. If you are planning to program your unit 
without a live telephone connection you may wish to disable the Telephone 
Line Fault Detection (Phone Fault) feature by pressing 9 17 0 ENTER 
See Section 6.2.6 for information on temporarily disabling this feature . 
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Programming and Testing 

Front Panel Keys and Indicators Diagram 

e e r------1 MICROPHONE 

••• •• 

Remote Alarm Dialing Monitor 
with Solid State Message Recording 

NORMAL MODE 

REMOTE 
CHANNELS 

NET1 NORM PROGRAM P1 P5 P9-16 R1 R5 R9-16 R4148 R73-80 
CHECK RECORDING P2 P6 P17-24 R2 R6 R17·24 R49-56 R81-88 
LOBAT DISARMED P3 P7 P25-32 R3 R7 R25-32 R57-64 R89-96 

lFAIL PFAIL PHONING P4 P8 P3348 R4 R8 R3340 R65-72 RADIO 

AC POWE"R FAILURE 
RUNNING ON BATTERY'' 

PUTS UNIT IN 
PROGRAM MODE, IF IN 

PROGRAM MODE. 

PHYSICAL 
CHANNELS 

TOGGLES 
ALPHM>IUMERIC KEYS Series VSS 

RETURNS TO NORMAL 
MODE IF ALREADY 

NORMAL GIVES CHECK 
STATUS REPORT 

ACCESS PHONE LINE, 
DIALS DIGITS AS THEY 

ARE PRESSED: PRESS 
TO TALK 

DISARMS UNIT IF 
ALREADY DISARMED, 

RE-ARMS AND 
CLEARS ALL OLD 

ALARMS 

TOGGLE ON/OFF 

RECORDS SELECTED MESSAGE 
UNTIL RELEASED 

I EXECUTES PROGRAM 
CODE ENTRY 

I CANCELS PROGRAM 
CODE ENTRY 

ALPHA KEY 

NUMERIC KEY 

•• • • • • •• • • • • • 

• • • •• • • • 
~SPEAKER 

• A discharged battery may take up to a day to fully charge. ,... During AC power failure, all illuminated LED's will 
Meanwhile, light may remain on. flash to conserve battery power. 
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Programming and Testing 

Programming Phone Numbers 
Refer to Programming Worksheet A (See Appendix J). You are encouraged to 
write down the phone numbers you want to program, along with a person's 
name for each phone number. 

+ To program the first dial-out phone number, press: 

7 01 (then the complete phone number) ENTER 

For example, to program 1 (510) 658-6713 as the first phone number, 
press: 

7 01 1 5 1 0 6 5 8 6 7 1 3 ENTER 

+ To program a second phone number: 

Use code 7 02 instead of 7 01, progressing to a maximum of code 7 16 for 
the 16th phone number. 

Each number may be up to 60 digits in length. Be sure to include any necessary 
area codes or "1" prefixes . 

Exceptions: 
+ To use touch tone dialing, press: 

9 01 1 ENTER 

+ To go back to standard pulse dialing, press: 

9 01 0 ENTER 

+ To insert delays between dialed digits. 

Press the MINUS key once for each additional delay desired in the phone 
number programming process. Default delay is one second. 

+ Refer to Section 6. "Advanced Programming," for specialized program
ming such as grouping phone numbers with input channels, Call Progress 
Monitoring phone fault detection, etc., or to establish and use a call 
forward phone number, etc. 

Programming Input Channels 
Your Verbatim autodialer needs to know whether its input channels are to be 
normally closed (alarm on Open Circuit), or normally open (alarm on Closed 
Circuit) . 
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Programming and Testing 

All contact inputs are initially set normally closed (i.e. they will alarm on Open • 
Circuit). This is the default setting and, therefore, any open circuits, including 
any inputs left disconnected during installation, wi11 appear as alarms until the 
inputs are programmed. 

+ To automatica11y program the inputs: 

Make sure all inputs are in their normal (non-alarm) state. Then press: 

5 0 0 ENTER 

The Verbatim autodialer automatically examines all inputs and programs them 
to alarm on the opposite input state from their present status. This code 500 
does not affect any channels that have been programmed for Disabled Channels, 
Status Only, Run Time Meter, or Pulse Totalizer function . 

••• • Exceptions 
In most cases, no further programming of contact inputs is necessary. 
However, the following configuration options are available: 

+ To set any input to be disabled and never be annunciated, press: 

5 ZZ 0 ENTER 

where ZZ is the 2 digit channel number you are programming. Be sure to • 
always use a leading 0 for channels 1 through 9 to keep the channel 
number a two-digit entry. 

+ To set an individual contact input for normally closed operation (i.e. to 
alarm on Open Circuit), press: 

5 ZZ 1 ENTER 

+ To set an individual contact input channel for normally open operation 
(i.e. to alarm on Closed Circuit), press: 

5 ZZ 2 ENTER 

+ To set inputs to report status only, program each individual channel as 
follows: 

5 ZZ 3 ENTER 

This setup never causes an alarm to dial out. 

+ To set contact inputs for the run-time meter function, program each 
channel as follows: 

5 ZZ 4 ENTER 
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Programming and Testing 

See Section 6.2.3, "Channel Programming (Configuring)." This setup 
never causes an alarm to dial out but reports the total accumulated hours 
that the input contact is closed. 

+ To set any of your contact inputs for the Pulse Totalizer function, see 
Section 6.2.3, "Channel Programming (Configuring)." 

Initial Testing 
Perform the fo1lowing steps to ensure that your Verbatim autodialer is properly 
installed. 

I. First, temporarily disarm the unit by pressing: 

DISARM/RE-ARM until the DISARM LED is flashing. This prevents the 
unit from dialing out. 

2. Next, physical1y trip each sensing device in turn (manipulate float 
switches, relays, etc.). 

3. 

4. 

VerifY that the corresponding input channel LED lights at the front panel, 
and then restore all sensors to their normal state. 

Now press DISARM/RE-ARM. This will clear out the channel input 
LEDs and restore the unit to a ready condition. 

To test the phone line connection, with the unit's phone cord plugged into 
its phone jack, temporarily remove the AC power cord to the unit. 

The PF AIL LED wil1 illuminate. At this point all illuminated LEDs will 
flash on and off in order to conserve battery power. Since the unit is not 
disarmed this time, after a 0.1 minute Alarm Trip Delay the PHONING 
light will il1uminate and the unit will access the phone line and will begin 
dialing the first phone number. 

The unit will recite its station ID and power failure messages. You may 
converse with the person answering by pressing and releasing DIALOUT/ 
PRESS TO TALK. Press this key again when you wish to speak, and 
release this key to listen. This action will suspend message recital. In this 
case, when the conversation is done, you should end the call by pressing 
NORMAL. Ordinarily the alarm call would end automatically. 

5. Now press DISARM/RE-ARM twice. 

This step disarms and then rearms the unit clearing all acknowledged 
alarms. This clearing also occurs automatically after the Alarm Reset 
Time has elapsed (default value I hour). See Section 5.6, "Alarm Reset 
Time-out After Acknowledgment." 
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Programming and Testing 

6. Your Verbatim autodialer is now able to operate, having at least one • 
dialout phone number programmed and having its input channels config-

3-6 

ured. 

However, you may wish to record your own voice messages (see the next 
section) or perform special advanced programming items (see Section 6, 
"Advanced Programming") before referring to Section 5, "Using Your 
Verbatim autodialer." 
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Recording Voice Messages 

This chapter describes how to record your own voice messages. Messages may 
be recorded for the Station ID and for the Alarm and Normal condition for 
every channel in your Verbatim autodialer. 

/ Note: 
Be sure to complete the programming of the input channels as described in the 
previous chapter before recording any messages. 

Using Default Messages Instead of Recording Your Own. 

Recording messages is an optional step. Your Verbatim autodialer comes with 
built-in default normal and alarm messages for all channels. Recording voice 
messages can be postponed until you have become more familiar with your unit. 
You may even choose to record or re-record your own messages from a remote 
telephone at any time. 

Using default messages for selected channels or for the Normal condition of 
channels is an excellent way to conserve speech memory for certain important 
and lengthy alarm messages. 

Types of Default Messages 

• Discrete (i.e. digital, contact) physical channel inputs: 

"Channel N Normal" and "Channel N Alarm." 

• Discrete remote channel inputs: 

"Remote Channel N Normal" and "Remote Channel N Alarm." 

• Discrete Status-only or Run-time meter physical channel inputs: 

"Channel N is ON" when input circuit is closed, and "Channel N is 
OFF" when input circuit is open. 

• Discrete Status-only remote channel inputs: 

"Remote Channel N is ONE" or "Remote Channel N is ZERO." 

• Analog (integer) physical or remote channel inputs: 

["Channel N, present reading is ... "] followed by the recited analog 
value. 

• Station ID message: 

"ID Number N." 

There is also a default Network ID message. See Appendix F for details . 
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Recording Voice Messages 

Planning Messages 
Worksheet C in Appendix J is provided to assist you with this. Please use the 
Worksheet! Not only will you then have a written record of your messages for 
future reference, you will also then be prepared to record your messages with 
the greatest ease and efficiency. 

In general, two different messages are used for each input channel: 
One message for the Normal Condition, and another for the Alarm (fault) 
Condition. 

When you have written down the messages that you want to record, you are 
ready to verify/extend your recording time . 

••• • Exceptions: 
+ Status-only or Run-time Metering Channels. See Section 6.2.3, "Channel 

Programming (Configuring)." 

To record your own messages for these specially configured channels 
rather than relying on the default "Channel N is ON" or "Channel N is 
OFF" messages: 

• Plan a message for the Closed Circuit condition and another 
message for the Open Circuit condition for each channel. 

• 

For Run-time channels, the unit will add a report of the run-time in hours, • 
using built-in speech, after the Closed or Open Circuit message. 

+ Pulse Totalizer Channels 

See Section 6.2.3, "Channel Programming (Configuring)," for special 
guidance in planning Pulse Totalizer messages. 

Managing Available Speech Memory 
The table below shows the total available message recording time for units with 
differing total number of channels. The available message recording time may 
be extended in two ways. First, you may explicitly change the recording rate 
from the default Rate 1 to Rates 2, 3, or 4 (See Section 6). Secondly, you may 
automatically extend the message recording time by using the Autoextend™ 
feature described in this section. 

Unit type Initial recording Extendable to: 
time (at Rate I): (Rate 2, 3 or 4) 

4-8 26 sec 40, 54 or 79 sec 
16-32 104 sec I 60, 216 or 318 sec 
33-40 chan. unit 130 sec 200, 270 or 399 sec 
41-48 chan. unit 156 sec 240, 324 or 476 sec 
49-56 chan. unit 182 sec 280, 378 or 555 sec 
57 or more 208 sec 320, 432 or 624 sec 
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Recording Voice Messages 

Verifying/Extending Recording Time 
Initially, the unit is set for the fastest memory use rate ("Rate 1 "), giving the 
highest fidelity sound recording. If you are sure that your messages take less 
than the "initial" time shown above for your unit ( 14 seconds total for a 
4-channel unit), go to Section 4.3, "Record Your Messages." You may also 
verify your unit's current rate setting and corresponding total message recording 
time by pressing: 

9 1 1 ENTER. 

If, after performing this step, you think you may need more recording time 
perform the Autoextend™ step described next. The Autoextend™ feature will 
automatically extend the available recording time, selecting the optimum 
recording rate (speech memory rate) to give you the highest possible recording 
sound quality for your length of recording. 

fli'~ Warning: 

• 

The following step will erase any existing recorded messages. 

To use the Autoextend™ feature to extend recording time, have your message 
Worksheet handy as you press: 

9 1 2 ENTER 

The Verbatim autodialer will prompt you to immediately begin reciting your 
entire list of messages at the sound of the beep, one after another, at the same 
speed that you will want to later record them. 

During this time, the Verbatim autodialer will not be recording your spoken 
messages. Instead, it will be timing you. 

When you have finished reciting (not recording) the last message, immediately 
press ENTER . 

Over the phone, press ZERO to start the timing, and ZERO again to end the 

timing. See Section 5.7, "Programming by Phone." 

Based on how long your message recital took, the Autoextend feature will 
automatically calculate which recording rate is optimum for your length of 
recording time, and will then automatically select that rate. It will tell you how 
many seconds your message took, and how much total recording time it has 
now given you . 
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Recording Voice Messages 

Record Your Messages 
First, minimize any background sounds. Then proceed as follows: 

+ Have your message Worksheet in front of you and be prepared to recite 
the first Alarm (fault) Condition message in a loud clear voice within 
about 6 to 12 inches of the microphone located at the top of the front 
panel. Press: 

1 ZZ ENTER 

where ZZ is the appropriate 2-digit channel number, such as 0 I for 
channel 1. Be sure to use leading zeroes, in order to keep ZZ a 2-digit 
entry. Use 00 for the Station ID message. 

The voice specifically identifies the message you are about to record, and then 
prompts you to press the RECORD key and hold it just for the duration of your 
spoken message. Note that the RECORDING light comes on during recording. 

Over the phone, since there is no RECORD key, the voice will prompt you to 

press ZERO to begin recording, and press ZERO again to stop recording. See 
Section 5.7, "Programming by Phone." 

• 

The Verbatim autodialer will immediately play back the message you have just 
recorded, allowing you to determine if you need to re-record it louder, softer or • 
more clearly, etc. 

Experiment with different volume levels to get the best message clarity. If there 
is too much background noise at the Verbatim autodialer site, record your 
messages over the phone. 

Always stop the recording promptly to avoid wasting recording time. 

+ To record an alternate "Normal Condition" message for channel ZZ, 
press: 

2 ZZ ENTER 

and follow the same procedure as above. 

+ To review both existing messages for channel ZZ, press: 

3 ZZ ENTER 

4-4 

The Verbatim autodialer will replay both existing messages for channel 
ZZ. This will include any default messages remaining in use. 
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Recording Voice Messages 

Exceptions: 
+ For any channels programmed for "Status Only" or for Run Time Meter 

function, use code I ZZ for the Open Circuit message, and 2 ZZ for the 
Closed Circuit message. 

+ If you run out of recording time, you will hear the message "No more 
message time." See Section 4.2 above to re-establish total available 
recording time. You may elect to shorten some messages, or rely more on 
selected default messages, or you may Autoextend the available recording 
time. Then, re-record all messages. 

+ If you wish to extend the available time for a specific message while 
leaving the other messages unaffected, enter the code for recording that 
message, but add an extra digit 1 through 4, before pressing ENTER. 

The digit I (Rate I) gives the shortest time and the best sound quality, 
while 4 (Rate 4) gives the longest time with poorest sound quality. 

+ If you wish to reinstate a default message, enter the code for recording that 
message, and an extra POINT before pressing ENTER. For example: 

1 ZZ POINT ENTER 

+ If you wish to use the default Station IO message but with a different IO 
number in place of the "one", press: 

9 1 4 N ENTER 

where N is the desired IO number which may be up to 16 digits long. 
Some users program the Verbatim autodialer's own phone number as its 
IO number. 

+ If you want to set a specific recording rate rather than letting Autoextend 
do it, press: 

9 1 3 N ENTER 

where N is the desired recording rate I, 2, 3 or 4. 

+ You will then need to re-record any messages that were previously 
recorded at a different rate . 
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Using Your Verbatim Autodialer 

Placing Inquiry Calls to the Verbatim 
Autodialer 
You may call the Verbatim autodialer at any time from any phone. The unit will 
wait the programmed number of rings before answering and then will begin a 
full status report. The status report starts with the Station ID Message, followed 
by any special warning messages (e.g.: no phone numbers programmed, or the 
unit is disarmed, etc.), and concludes with the listing of the status of each 
channel input. 

If there are no alarm conditions on any channel, then the Verbatim autodialer 
will say "All channels normal" just prior to beginning the complete channel 
status report. 

If there are channels with unacknowledged alarms conditions prior to the call, 
placing a call to the unit will result in the acknowledgement of these alarms . 
The Verbatim autodialer will say "Alarm is acknowledged" immediately after 
reciting the Station ID message . 

Exception: 

The Call in Acknowledge Mode command (Code 925) may be used to set the 
Verbatim so that calls to the unit will not automatically acknowledge alarms. 

The channel status report will be recited the programmed number of message 
repeats (default is 3 times). Between each recital the Verbatim autodialer will 
issue a prompting beep and then wait a few seconds for you to optionally enter a 
special Command Tone. See Section 5.7, "Programming by Phone." After all 
message repeats, if you have not entered a tone, the unit will say "Goodbye" 
and terminate the call. 

See Section 6.2, "Programming Operations." 

CHECK STATUS Inquiry at Panel 
When the NORM LED is lit, you may hear a report of current conditions by 
pressing the NORMAL/CHECK STATUS key. You may cut this report short 
by again pressing the NORMAL/CHECK STATUS key . 
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Using Your Verbatim autodialer 

Receiving Alarm Calls 
When any input condition violates the programmed alarm criteria for an interval 
longer than the Alarm Trip Delay for that input (See Section 6.2.6), the unit 
goes into an Unacknowledged Alarm state. The unit begins dialing the first of 
up to 16 programmed phone numbers. See Section 6.1, "Program Codes," 
about optional Alarm Call Grouping if you want the numbers dialed to depend 
on which channel is in alarm. Whenever there is an Unacknowledged Alarm 
the corresponding channel alarm LED begins flashing. 

The voice messages follow the same format as an inquiry call, including the 
prompting beep, except the channels having no alarm activity are not included 
in the alarm report. lfthere is no acknowledgment, the Verbatim autodialer will 
replay the message for the programmed number of repeats (default is 3) and 
then will say, "Goodbye," before terminating the call. 

See Appendix I for information on alternate annunciator state models. 
Annunciator state models support various Return To Normal (RTN) calling 
sequences. 

Phrases Appended to Alarm Messages 
(user recorded or default) 

• 

These appending phrases will continue to be included in any status reports until • 
the Alarm Reset time expires for that channel. 

ALERT 
Any channel with an input violation which has not been present longer than the 
Alarm Trip Delay for that channel will have its status message appended with 
the word "Alert." 

NOW NORMAL 
If the violation which originally caused the alarm has gone away the phrase 
"Now Normal" will be appeneded to the alarm status message. 

ACKNOWLEDGED 
Any channel which was in an unacknowledged alarm state but became 
acknowledged will have its status message appended with the word 
"Acknowledged." 

NOW NORMAL, ACKNOWLEDGED 
Any channel which is both acknowledged and whose input voilation has gone 
away will have its status messages appended with the phrase "Now Normal, 
Acknowledged." 
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Note: 

When the autodialer goes into alarm, it dials each phone number in sequence 
until it receives an acknowledgement. The alarm may be acknowledged after 
the warble tone by pressing a touch tone "9"; by calling the unit back after it 
says, "goodbye," or by pressing NORMAL on the front panel. After 
acknowledgement, the dialer will not call out again on that channel until it is 
reset. This is usually done automatically after a set period of time called the 
Alarm Reset Time, which allows the person who acknowledged the alarm time 
to go fix the source of the problem without further call outs from the dialer. 
After the reset time, the unit is automatically reset, and any alarms present at 
that time will cause a dial out. 

••• + Exception: 
Power Failure alarms only cause two spoken messages: 1) When power has 
been off for longer than the Power Failure Trip Delay, "Power is Off' is 
reported. 2) When power has been off and is later restored the message 
"Power is On" is reported. 

Continued Dialing in the Absence of 
Acknowledgment 
The Verbatim autodialer will then wait for the programmed Time Between 
Alarm Calls (default 2 minutes; See Section 6.2.12, "Miscellaneous 
Programming Tips," to change default time), during which you may call the 
Verbatim autodialer back to acknowledge the alarm. If no acknowledgment is 
received at the end of this period, the next phone number will be dialed. The 
process will be repeated indefinitely, repeatedly going through all the 
designated phone numbers, until acknowledgment is received . 

••• • Exception: 
If you want further calling terminated when channels return to normal you 
may so program the unit by using the "Set Return to Normal" command 
(Code 923). See Appendix K. 

ANATOMY OF AN ALARM 

ALARM TRIP DELAY 
DIALS ENDLESSLY 

UNTIL ACKNOWLEDGED 
ALARM RESET 

TIME 

t 
VIOLATION 
OCCURS 
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Using Your Verbatim autodialer 

Acknowledging the Alarm Call 
To acknowledge the alarm during the alarm call wait to hear the prompting 
"warble" tone then enter a touch tone '9' (Also 1, 2, 4, or 0 will acknowledge in 
this situation). The Verbatim autodialer will say "Alarm is acknowledged, 
Goodbye" and terminate the call. See Section 5.7, "Programming by Phone," 
for additional ways of acknowledging an alarm without ending the call. 

Alternative methods of Acknowledging: 

Wait for the alarm call to end then place a call to unit. 

At the front panel press NORMAL, PROGRAM, DISARM, or 
DIALOUT. 

Upon acknowledgment, the channel LED changes from flashing to steady 
illumination. 

At the end of the Alarm Reset period the channel alarm LED turns off, the 
Acknowledged Alarm status is cleared for that particular channel input, and it is 
again ready to go into Unacknowledged Alarm whenever a violation occurs at 
that input. In particular, if a violation has not been removed (prior to timeout), 
dialing begins immediately upon the Alarm Reset period timeout. To reactivate 
the alarm before the alarm reset timeout period is over, re-arm the alarm. 

Alarm Reset Timeout After 
Acknowledgment 
As shown in the figure, "Anatomy of an Alarm," p. 5-3, when an 
acknowledgment is received, the Verbatim autodialer begins timing out the 
Alarm Reset Time, (default I hour). 

Further calling on behalf of that channel is suspended, regardless of further 
activity at that particular input during this period. If new alarms occur on other 
channels during this period, the unit will go back into the Unacknowledged 
Alarm state and dial the first appropriate phone number, with dialing continuing 
until a new acknowledgment is received. 

Programming by Phone 
During any phone call (inquiry call or alarm call), at the end of each round of 

messages, the prompting warble tone is issued. If you press a Command Tone 
"1" at the sound of the warble tone, the Verbatim autodialer will prompt you to 
enter a program code. (Or, if you have established a Security Access Code, you 

• 

• 

will first be prompted for this code). • 
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Using Your Verbatim autodialer 

To enter programming codes over the phone: 

• Enter a touch tone "1" after the warble tone. 

• Enter the program code followed by # #. 

• Enter an additional # # when you are ready to hang up. 

You may enter codes for most of the programming operations described in this 
manual except reading or changing the optional security access code. See 
Section 6 for more information about the 91 0 Security Access feature. 

Since some of the front panel keys are not found on a touch tone keypad, some 
special conventions apply for over-the-phone programming: 

In Place Of: Enter: 
CANCEL * * 
ENTER ## 
POINT * 
MINUS # 

+ To enter the Program Mode press "1" after the warble tone. 

+ To end a phone call after programming: 

Press## without a prior digit entry. 

The Verbatim autodialer will then issue a prompting beep which is 
another opportunity to enter a "1" if you didn't want to end the call. It will 
then say "Goodbye" and end the call. 

Exception: 

Over the phone, you may not program more than one consecutive dialing delay, 

because # # (two in a row) is interpreted as ENTER when programming. 
However, you may extend this delay using code 928. See Program Code Table 
p. 6-9. 

+ If you initially enter a Command Tone "2" in place of the "1 ", you will be 
in a special Program Review Mode, which allows you the safety of check
ing any of the programming items or messages, without the possibility of 
altering any of them. 

+ Ifyou initially enter a Command Tone "3" in place of the "1", you will 
hear a report of each channel that has any acknowledged or unacknowl
edged alarm condition. 

+ If you initially enter a Command Tone "4" in place of the "1 ", you will 
hear a listing of all programmed phone numbers, plus any other basic 
programming items that you have altered from their default values. This is 
particularly useful in diagnosing operating problems. 
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+ If you initially enter a Command Tone "8" in place of the" 1 ",the unit 
will not be acknowledged and will immediately say "goodbye" and end 
the phone call. 

+ If you initially enter a Command Tone of "0, 5, 6, 7, or 9," in place of the 
"1 ", the alarms will acknowledge an alarm and the unit will immediately 
say "goodbye" and end the phone call. 

/ Note: 

'DIAL OUT 
~~ 

.·,PRESS·' 
TO TALK 

'NORMAL ............. -
:.:cHECK. 
·'srilrus 

Command tones "1, 2, 3, and 4" will acknowledge all alarms, even those not 
in their Alarm Call Group (ACG). See Section 6.2.13. Command tones "0, 5, 
6, 7, and 9" will acknowledge only alarms in their ACG. Command tone "8" 
will not acknowledge any alarms, but will give the status of all alarms. 

Dialing Out and Conversing Through the 
Verbatim Autodialer 
At the panel, starting in the Normal Mode, press the DIALOUT/PRESS TO 
TALK key. Next press the digits ofthe phone number you want to dial. Each 
digit you press will be dialed as you press it. You will then hear the sound of the 
nngmg. 

When you hear the phone answered, press and hold the same DIALOUT/ 
PRESS TO TALK key as you speak to the person on the line, and release the 
key to listen. Continue the conversation in this manner. 

+ To end the call press NORMAL. Ifthe DIALOUT/PRESS TO TALK key 
is not pressed for more than 2 minutes (or as previously set), the Verbatim 
autodialer will automatically end the call. 

+ To automatically re-dial a number that was previously manually entered 
by this method, press DIALOUT/ PRESS TOT ALK as before, then press 
ENTER rather than entering digits manually. 

If you are at the panel when a phone call is in progress, you may suspend the 
message report and converse with the person on the other end by pressing the 
DIALOUT/PRESS TO TALK key as described above. There will be no addi
tional dialing, since connection has already been established. To end the call, 
press NORMAL. 
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Advanced Programming 

Program Codes 
This chapter provides the Program Codes table which summarizes the wide 
variety of available programming operations, along with a description and 
comments. Additional information may be found in referenced notes below as 
well as in the referenced sections elsewhere in the manual. 

When the overall programming is cleared out at initial start-up, alJ 
programming is automatically set to factory default values as shown in the 
table. Most of these default values are quite suitable for most users and only 
selected items may need to be programmed to different values. 

+ To read the existing programmed settings: 

Enter a code and then ENTER without any intervening value. This reads 
the existing programmed setting without changing it. 

+ To clear a program: 

Enter POINT after the code and before ENTER. This clears the program 
item, or returns it to its default value. 

In the Program Codes table, several forms of numeric value entries are shown: 

Value Definition -

V A value of one or more digits which may include a decimal point or minus. 
Examples: .5, 2.8, 300.6, 60. 

N One or more digits giving a whole number; no decimal points allowed. 
Examples: 1, 5, 20. 

DN A two-digit Designation Number for phone numbers (01 for first number, 
02 for second, etc.). 

110 Used to tum a function ON ( 1) or 0 FF ( 0). 

ZZ 2-digit channel number (use ZZ=OO for ID message) . 
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Notes for Programming Code Table: 
Refer to these numbered items under the "Notes" column in the following 
Programming Code Table. 

1. ZZ = 2 digit channel number. Use ZZ=OO for Station ID message. 

2. For any channels you have programmed as "Status Only" or "Run Time 
Meter", use code 1 ZZ for the Open Circuit message, use code 2 ZZ for 
the Closed Circuit Message. See Section 6.2, "Programming Operations," 
for message information for any Pulse Totalizer channels. 

3. DN (Designation Number) is 01 for first dialout phone number, 02 for 
second number, etc. DN = 00 for special "callback" phone number. Use 
MINUS to insert any needed delays between digits. Each such delay is 1 
second unless extended using code 928. 

4. Actual power failure trip delay may be a fraction of a second longer than 
programmed value, due to power supply discharge time which varies with 
the number of option boards. 

Caution: 
5. If Alarm Reset Function is turned OFF, acknowledged alarms will 

NEVER RE-ARM, preventing further alarm calls after acknowledgment 
for each channel. 

6. Speaker always operates during front panel programming, even if 
programmed to be off. 

7. Cannot be read or changed over the phone. 

8. Does not change channels that have been configured for "Status Only," 
"Run Time Meter," or "Pulse Totalizer." 

Caution: 
9. High Speed Dialing setting may not work reliably with some telephone 

company exchanges. 

10. Add POINT to restore default message. 

11. To pre-set a Run Time value, include the value before ENTER. 

12. Maximum value that can be entered is 4,294,967,294. 

13. Omits all mention of disabled channel. Restore by setting for Normally 
Closed, Normally Open, etc. 
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Advanced Programming 

Programming Code Table (Page 1 of 8) 

Code Description & Comments Default RangeNalues Notes Section 
Seep. 6-2 

Channel Status Reading,.:,._. .. , . ~ . 
ozz 
ozzo 

Reads status of channel ZZ 
Reads actual open/closed circuit 
status directly 

6.2.1 
6.2.1 

Mess~ge Recording and ·Reviewing . _ ·. . · -~ . . 
100 Records Station ID message 1, 2, 10 4.3, 6.2.2 
IZZ Records channel ZZ alarm message I, 2, 10 4.3, 6.2.2 
2ZZ Records channel ZZ normal message I, 2, 10 4.3, 6.2.2 
3ZZ Reviews channel ZZ both messages I 4, 4.3, 

ZZ=OO for Station ID msg 6.2.2 
911 Reads current record rate 4.2 

and available record time 
912 Autoextend: sets optimum 4.2 

record rate for recited msg 
913 N Sets recording rate Rate I Rate 1-4 4.3 
914 N Inserts N in place of 1 in canned Station I 1-16 digits 4.3 

station ID message 

Ch~nnel programming (Config,uration) . , ~ 
500 Sets current status as normal 3.3, 6.2.3 

for all channels 
SOON Sets all inputs to config parameter N normally 0/1/2/3 3.3, 6.2.3 

closed 0 =disarmed 
I normally closed (default) 
2 normally open 
3 no alarm 

szz Reads alarm criteria for channel ZZ 6.2.3 
szzo Disables channel ZZ 13 3.3, 6.2.3 
SZZ I Sets chan ZZ normally closed 1 3.3, 6.2.3 
szz 2 Sets chan ZZ normally open 3.3, 6.2.3 
5ZZ 3 Sets chan ZZ for no alarm 3.3, 6.2.3 

(status report only) 
5ZZ4 Sets chan ZZ for run time 3.3, 6.2.4 

meter operation 
5ZZ4V Preset starting value 0.0 hrs 0.0-99,999.9 hrs I 6.2.4 
5ZZ7N Pulse totalizer: ACTIVATES 12,2 6.2.5 

with starting value N 
5ZZ8N Pulse totalizer: sets scale factor N 12 6.2.5 
5ZZ6N Pulse totalizer: sets alarm setpoint N 12 6.2.5 

with starting value N 
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Programming Code (Page 2 of 8) 

Code Description & Comments Default RangeNalues Notes Section 
Seep. 6-2 

Alarm Trip Delays 
600 Reads power failure alarm tnp delay 6.2.6 
600 v Sets power failure alarm trip delay to V 0.1 min 0.1-999.9 min 6.2.6 
6ZZ Reads chan ZZ alarm trip delay 6.2.6 
6ZZV Sets chan ZZ individual alarm trip 2 sec 0.1-9999.9 sec 6.2.6 

delay to V 
6ZZ Returns chan ZZ individual alarm 2 sec 6.2.6 
POINT trip delay to default 
902 v Sets global {all channels) alarm trip 2 sec 0.1-9999.9 sec 6.2.6 

delay to V seconds 
902 Returns global {all channels) 2 sec 6.2.6 
POINT alarm trip delay to default 

Phone Numbers and Pulse/Tone Dialin_g _ ·. : 
700 Reads special "callback" phone number 
700 N Sets special "callback" phone # to N 
7DN Reads phone number DN 

7DN N Sets phone number DN to N phone # 

7DN Clears out phone number DN 
POINT 
900 0/1 Read/Set Call Progress Monitoring 

90 I 0/1/2 Sets dialing mode 

903 v 
906 N 

908 0/1 

909 v 
916 N 

917 
0/112/3 

918 
928 N 

Sets time between callouts to V 

Sets ring answer delay to N 
N = whole number 

Sets Autocall ON/OFF 

Sets Autocall interval to V 
Set Automatic 
Phone Fault Detect frequency 
Set Phone Fault and Auto Tone-Pulse 

CPM Ring Count 
Extends length of inserted 
dialing delays to N sec 

6-4 

0 (OFF) 

Pulse mode 

2 min 

I ring 

OFF 

24 hrs 
24 hrs 

3 

I 0 rings 
1 sec 

See Code 924 

I - 60 digits 
01- 16 
DN 01-16 
I - 60 digits 3 
N can up to 60 digits 

0/1 
0 OFF 
I ON 
0/1/2 
0 =pulse 
1 =tone 
2 = high speed 
0.1-99.9 min 

1 - 20 rings 

0/1 
O=OFF 
1 =ON 
0.1-99.9 hrs 
0.1-24 hrs 

0/l/2/3 

9 

916 POINT 
resets to default 

6.2.18 
6.2.18 
3.2, 6.2.7 

3.2, 6.2.7 

3.2, 6.2.7 

6.2.12 

6.2.7 

6.2.18 

6.2.18 

6.2.18 

6.2.18 
6.2.10 

6.2.10 
0 Phone Fault OFF/Auto Tone-Pulse OFF 
I =Phone Fault ON/Auto Tone-Pulse OFF 
2 =Phone Fault OFF/Auto Tone-Pulse ON 
3 =Phone Fault ON/Auto Tone-Pulse ON 
5 - 20 rings 6.2.12 
I- 10 sec 6.2.7 
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Advanced Programming 

Programming Code (Page 3 of 8) 

Code Description & Comments 

5ZZ 9 Reads channel ZZ alarm call 
grouping linkage 

5ZZ 9 DN Links channel ZZ to 
phone numbers DN. 

5ZZ9 
PO TNT 

Clears channel ZZ alarm call 
grouping linkage. 

935 7 Initializes real-time clock chip 
on install to I /6/92 2 

941 Sets date 
MMDDYYD 

942 Sets time 
HHMMSS 

961 Read weekday 
rearm/disarm times 

961 Sets weekday 
RRRR rearm/disarm times 
DDDD 

962 Reads weekend 
rearm/disarm times 

962 Sets weekend 
RRRR rearm/disarm times 
DDDD 

963 Reads weekend 
rearm/disarm day of week 

963 RD Sets weekend 
rearm/disarm day of week 

964 Reads holiday rearm date 
964 Sets holiday rearm date 
MMDDYY 

965 Reads holiday disarm date 
965 Sets holiday disarm date 
MMDDYY 

Verbatim Owner's Manual 

1700, 
0800 

1700, 
0800 

Friday, Monday 

12/24/90 

12/24/90 

RRRR=rearm time, 7.9 
DDDD=disarm time 
(mllltary-24-hour-clock) 

7.9 

RRRR=rearm ttme, 7.9 
DDDD=disarm time 
(mlhtary-24-hour clock) 

R = ream1 day 
D = disarm day 

Today- 12/31/20 
MM =month 
DD =day 
YY =year 

The day after the 
holiday rearm date 
(see Code 964)-
12/31/20 

7.9 

7.9 

7.9 
7.9 

7.9 
7.9 
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Advanced Programming 

Programming Code (Page 4 of 8) 

Code Description & Comments Default RangeNalues Notes 
Seep. 6-2 

Section 

Alarm Ready Scheduling . .. Continued from p. 6-5 -

966 

966 N 

Reads alarm ready 
schedule control number 
Sets alarm ready schedule 
control number 

0 N control 0-7 

O=OFF 
I= Weekday 
2 =Weekend 
3 =Weekday and Weekend 
4 =Holiday 
5 =Weekday and Holiday 
6 =Weekend and Holiday 
7 =Weekday, Weekend and Holiday 

7.9 

7.9 

~ ' " ,, , olo - , , ~ ' ' I •' 

Local Data Logging Programming Codes , · 
935 7 Initialize real-time 2.3, 

clock chip on install 6.2.19, 7.9 
to 1/6/92 2 

941 Sets date. 01/06/92 2 01/01/94-12/31/20 2.3, 7.9 
MMDDYYD D (DaJ!. Code I is ontiQnal: 

I= Sunday 
2 =Monday 
3 =Tuesday 
4 =Wednesday 
5 =Thursday 
6 =Friday 
7 =Saturday 

942 Sets time 08:00:00 00:00-23:59:59 2.3, 7.9 
HHMMSS (mihtary-24-hour clock) 

943 v Sets regular interval OFF O=OFF 2.3, 7.9 
local printing .1- 999.9hrs 

944 Prints all current 2.3, 7.9 
programming immediately 

Analog Input Programming · · 
5 ZZ I Sets low signal input value 8.1.5 
X.XX 
5 XX I Sets low signal input value 8.1.5 
POINT to real world point 
5 ZZ2 Sets low signal input spoken value 8.1.5 
x.xx 
5 zz 3 Sets high signal input value 8.1.5 
X.XX 
5 zz 3 Sets high signal input value 8.1.5 
POINT to real world point 
5 ZZ4 Sets high signal input spoken value 8.1.5 
x.xx 
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Advanced Programming 

Programming Code (Page 5 of 8) 

Code Description & Comments Default RangeNalues Notes Section 
Seep. 6-2 

Analog Input Programming _ .. Continued from p. 6-6 

5 zz 5 
X. XX 
5 zz 6 
x.xx 
5 zz 7 

Sets low setpoint alarm value 

Sets high setpoint alarm value 

Sets analog input signal type 

Remote Supervisory Control 

0 011/2 
0 = 4-20 rna signal 
I = 0-1 VDC signal 
2 = RACO TS-705A 

8.1.5 

8.1.5 

8.1.3 

For all items in this section: N =output number, Range= 01, 02, 03, 04, 05, 06, 07, 08 
95 N Reads RSC output #N 14 C.l.3 

ON/OFF condition 
95 N 0 Turns RSC output C.l.3 

#NOFF 
95 N I Turns RSC output C.l.3 

#N OFF 
95 N 2 V Turns RSC output #N I sec I - 99,999 sec C.l.3 

ON for V seconds only 
95 N 3 V Turns RSC output #N I sec I - 99,999 sec C.l.3 

OFF for V seconds only 
9500 Reports ON/OFF status C.l.3 

of all outputs 
9500 0 Turns OFF all outputs C.l.3 
9500 I Turns ON all outputs C.l.3 
9500 8 v Establish default pulse C.l.3 

duration in minutes 
(When using 95 N 2 or 95 N 3) 

9500 9 v Establish default pulse H.2.3 
duration in seconds 
(When using 95 N 2 or 95 N 3) 

Data Acquisition/Central Data Logging 

919 v Sets quick intercall time 60 sec 35-999 sec E.2 

981 v Return To Normal (RTN) calling 0 Oil /2/3/4/5 See Code 923 E.l, K4 

982 011/2 Acknowledgment calls to 0 011/2 E.3 
central station 0=1 

I=ON 
2 = resets all alarm 
acknowledgment 
call status 

983 0/1 Modem Automatic Speed Select 011 E.4 
O=OFF 
I =ON 
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Code 

984 0/1 

985 N 
986 011 

987 N 

Advanced Programming 

Programming Code (Page 6 of 8) 

Description & Comments Default 

Modem High/Low speed selection 

Data call attempts 3 
Sets answer mode 0 

Data!V oice autocall calls 0 

RangeNalues Notes Section 
Seep. 6-2 

0/1 E.5 
0 = 300 
I= 1200 
I - 10 E.6 
011 E.7 
0 =Data-to-Voice 
I= Voice Only 
0/1/2 E.8 
0 = Autocalls to Central Station only 
1 = Autocalls to personnel numbers only 
2 = Autocalls to all numbers 

Miscellaneous Programming Items · ~ · : :' · 
902 v Sets global (all channels) 2 sec 0.1-9999.9 sec 6.2.6 

alarm trip delay to V 
904 v Sets alarm reset time to V I hour 0.1-99.9 hr 5.6, 6.2.18 
905 Clears all acknowledged 6.2.18 

alarms and clears reset timers 
907N Sets number of alarm 3 repeats 1-20 repeats 5.3, 6.2.18 

message repeats to N 
N = whole number 

9ION Establishes a security None 0-8 digits 7 6.2.18 
access code N 

920 v Power failure trip delay 0.1 min 0.1-999.9 min 4 6.2.6 
(duplicates function of code 600) 

921 0/1 Sets power failure alarm ON 011 6.2.6 
0 =off 
1 =on 

922 0/1 Sets alarm reset timers ON 011 5 6.2.18 
0 =off 
I =on 

923 Annunciator Sequence 1-4 See also K.4 
Values: Code 981 
I = M-1desJgnations 
2 = A-1-4 designations 
3 = A-I designations 
4 = A-1-4 variant 

924 Initiates test callback to phone # 00 unit must be 6.2.18 
ARMED 

925 011 Turns on/off alarm ON 0/1 
acknowledgment on call-in to O=OFF 
dialer. I =ON 

926 v Sets delay before return to 2 min 1-99.9 min Nonrecurring 6.2.18 
normal (Exit Delay) to V Function 
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Programming Code (Page 7 of 8) 

Code Description & Comments Default RangeNalues 

Advanced Programming 

Notes 
Seep. 6-2 

Section 

-MisceiJaneous Progra~ming Items,' . .. continued tr~m p. 6-B ..... _ . _ ·. ·,:: . 

927 0/1 Sets intercall delay parameter 0 0/1 **Firmware 
Values: version 2.0 I+ only** 
0 =Normal operation ofintercall delay. 
1 =If new Unacknowledged alarms occur during the 

interca11 delay period, the unit will begin a new 
dialout immediately. The unit will dial the next 
phone number m the dialing sequence. It will not 

start over at the top of the list. 
928 N Extends length of inserted I sec 1-10 sec 5.7, 6.2.7 

dialing delays toN sec 
930 0/1 Sets arm or disarm unit armed 0/1 6.2.18 

for alarm callouts 0 =disarms 
1 =arms unit 

932 Invokes one-time 15-second OFF 6.2.18 
listening period 

933 011 Sets local m1crophone OFF 0/l 6.2.18 
ON or OFF 0= OFF 

I =ON 
934 011 Sets speaker ON or OFF ON 0/1 6 6.2.18 

I =ON 
O=OFF 

· Clear Out Operatio~s _ _ . · · . ·_ .·. -
935 0 Clears out phone numbers; 6.2.19 

sets all delays to defaults 
935 I Clears out phone numbers only 6.2.19 
935 2 Clears out all alarm call grouping linkage 6.2.19 
935 3 Sets the following delays to 921 sets power 6.2.19 

their factory default values: failure alarm ON 
902,903,904,920,921,926,928 

935 4 Clears all user recorded messages 6.2.19 
935 5 Clears all programming except messages does not clear 6.2.19 

913,930,941,942 
935 6 Clears all totalizers to 0 (not to preset) reading 6.2.19 
935 7 Clears real-time clock chip (reinitialize) 2.3, 

6.2.19, 8.9 
935 9 Total clearout: does not clear 3.1, 

Erases all programming & messages 941,942 6.2.19 

Diagnostic Readouts 
940 Reads all 4 diagnostic counts (add 0 to clear all 4) 6.2.20 
940 I Reads call in count (add 0 to clear) 6.2.20 
940 2 Reads dial out count (add 0 to clear) 6.2.20 
940 3 Reads acknowledged alarm count (add 0 to clear) 6.2.20 
940 4 Reads power failure alarm count (add 0 to clear) 6.2.20 
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Programming Code (Page 8 of 8) 

Code Description & Comments Default RangeNalues Notes Section 
Seep. 6-2 

-Local Alarm/Lir:~e Sefzure , · _ .;;; f 
960 0 Read local alann relay/line seizure H.8 
960 00/0 I Set local alann relay/line se1zure 

00 local alann relay 
00 00/01 H.8 

6.2 

6.2.1 

6.2.2 

01 line seizure 

Programming Operations 
The following descriptions show the relevant program codes in parenthesis, and 
are organized according to their appearance in the preceding Program Codes 
table located in Section 6.1, "Program Codes." 

Refer also to Section 5, "Using Your Verbatim Autodialer," for a description of 
over-the-phone programming. 

Channel Status Reading 
Code Function 
0 ZZ Read Status of 

Channel ZZ 

0 ZZ 0 Read Open/Closed 
Circuit Status Directly 

/ Note: 

Description 
Plays the message that corresponds to the present 
input condition of Channel ZZ. 
Says "Channel ZZ is closed" if channel ZZ input is 
presently Closed Circuit, or "Channel ZZ is open" if 
the input is Open Circuit. Useful in troubleshooting, 
especially at setup time. 

If a channel is disabled, its status will never be mentioned. 

Message Recording and Reviewing 
Be sure to refer to Section 4, "Record Voice Messages," for important details on 
message recording, including codes 911, 912,913, and 914. 

Code 
100 
I ZZ 

6-10 

Function 
Record Station Message 
Record Channel ZZ 
Alarm Message 

Description 

Used for Open Circuit message for channels pro
grammed for NO ALARM (status only), or for Run 
Time Meter operation. Also used for a preamble 
message for channels programmed for Totalizer 
or Analog function. 
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2 ZZ Record Channel ZZ 
Nonnal Message 

3 ZZ Review Channel ZZ 
Messages 

Advanced Programmmg 

Used for Closed Circuit message for channels 
programmed for NO ALARM (Status Only) or for 
Run Time Meter operation. Also used for "units of 
measure" portion of a message following preamble 
and digit readings, for channels programmed for 
Totalizer or Analog function. 
Use 3 00 to review Station ID message 

Channel Programming (Configuring) 
Also see Section 3.3, "Programming Input Channels." 

Code Function 
500 Set Present Input Status 
as Normal Condition for All 

Contact Input Channels 

500 0 Sets the Alarm Criteria 
for all contact channels to 
DISABLED 

Description 
Used at setup time as the most expedient way of 
programming the Normally Open/Normally Closed 
configurations ("Alarm Criteria") of contact input 
channels. Special configurations such as Status 
Only, Run Time Meter or Totalizer may then be 
programmed for specific individual channels. This 
code does not affect channels already programmed 
for Status Only, Run Time Meter, or Pulse 
Totalizer. 

APPLIES ONLY TO CONTACT INPUTS. 
Used at setup time as the most expedient way of 
programming all channels to the same alarm 
criteria. 

APPLIES ONLY TO CONTACT INPUTS. 
500 1 Sets the Alarm Criteria Same as above 
for all contact channels to 
NORMALLY CLOSED 
500 2 Sets the Alarm Criteria Same as above 
for all contact channels to 
NORMALLY OPEN 
500 3 Sets the Alarm Criteria Same as above 
for all contact channels to 
STATUS ONLY 
5 ZZ Read Channel ZZ 
Programming ("Alarm 
Criteria") 
5 ZZ 0 Disables Channel from 
Being Monitored and Reported 
5 ZZ 1 Set Channel ZZ for 
Normally Closed Operation 
5 ZZ 2 Set Channel ZZ for 
Normally Open Operation 
5 ZZ 3 Set Channel ZZ for 
No Alarm (Status Only) 

Verbatim Owner's Manual 

An Open Circuit condition will cause an alarm. 
APPLIES ONLY TO CONTACT INPUTS. 
A Closed Circuit condition will cause an alarm. 
APPLIES ONLY TO CONTACT INPUTS. 

APPLIES ONLY TO CONTACT INPUTS . 
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Advanced Programming 

Run Time Meter Programming 
You may program any of the ordinary contact (digital or discrete) input chan
nels to accumulate and report the number of hours that their respective input 
circuits have been closed. Any such channels will never cause an alarm, but on 
inquiry will recite the channel's Closed Circuit message or the Open Circuit 
message according to the status of the input, and will then report the accumu
lated Closed Circuit time (run time) to the tenth of an hour. 

+ To program channel ZZ for Run Time Meter operation, press: 

5 ZZ 4 ENTER 

+ To preset a starting value, press: 

5 ZZ 4 V ENTER 

where V may be any value from 0 to 99,999.9. 

+ To delete the Run Time Meter programming, you must reprogram the 
channel for any other type of alarm criteria. 

As with channels programmed for NO ALARM (Status Only) operation, the 
default Open Circuit message is "Channel N is off." To record your own Open 
Circuit message for channel ZZ, use program code 1 ZZ. The default Closed 

•• 

Circuit message is "Channel N is on." To record your own Closed Circuit • 
message for channel ZZ, use program code 2 ZZ. 

Pulse Totalizer Function Programming 
The Totalizer function counts the accumulated number of pulses (momentary 
contact closures) occurring at the contact input for a channel which you have 
programmed for Totalizer operation. This function is typically used to 
accumulate the pulse output of rotary flow meters. 

An alarm set-point may be programmed to create an alarm call upon reaching a 
particular total value. Scale and offset factors are programmable, and user
recorded messages may be used. 

Any contact input channel may be programmed for the Totalizer function, up to 
a total of8 Totalizers. The input pulse rate must not exceed 100 pulses per 
second, and if the rate is over 50 pulses per second, the pulses must have a 50% 
duty cycle. 

+ To program channel ZZ for Totalizer operation, press: 

~ 5 ZZ 7 ENTER. 

Note: 
This function must be done to Activate the Totalizer. It is only possible to 
program up to 8 contact input channels for Pulse Totalizer. However, any 8 
mputs may be used from tfie full set of contact inputs in your unit. 
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Advanced Programming 

+ To establish a non-zero starting value for the spoken reading, add the 
desired starting spoken value after the 7 and before ENTER. 

+ To establish a scale factor (so that a number of pulses will be translated 
into a single spoken unit count), press: 

5 ZZ 8 N ENTER 

where N is the number of pulses corresponding to a single spoken unit 
count. For example, if a pulse from a flow meter occurs for each 1110 
gallon of water flow, but the desired report is needs to be in thousands of 
gallons, a value of 10,000 would be used for N. The unit uses the word 
"percent" in speaking ofthe scale factor. 

The spoken scaled value will "roll over" to zero upon reaching 4,294,967,294 
(232). Values above this should not be entered at the keyboard. 

The default message for Totalizer channels is "Channel N Totalizer count is N." 
User-recorded messages are normally done in two segments. Use program code 
1 ZZ to record a preamble message such as "The total water flow reading is". 
Use program code 2 ZZ to record an ending units-of-measure message such as 
"thousand gallons". During the report, the unit will insert the digits comprising 
the actual scaled value. In this example, the resulting complete report would be 
"The total water flow reading is (spoken value) thousand gallons" . 

+ To establish a Totalizer alarm set-point, press: 

5 ZZ 6 N ENTER. 

When the scaled value reaches N, the unit will go into Unacknowledged Alarm 
and begin dialing. After the initial alarm has occured, a new alarm will not 
occur until the user has reset the criteria. You may program a value of zero for 
N to cancel any previously programmed Totalizer alarm set-point for channel 
ZZ. 

+ To clear out all Totalizer readings to zero in one step, press: 

9 3 5 6 ENTER. 

Alarm Trip Delays 
The Alarm Trip Delay is the length of time after a violation occurs before the 
unit goes into Unacknowledged Alarm and begins dialing. The default value is 
2 seconds for all inputs and 0.1 minute (6 seconds) for power failure. During 
this time, if a status is read, the message will be the ALARM message, with the 
extra word "alert" appended. If the violation is corrected before the Alarm Trip 
Delay times out, no alarm or dialout will occur. 

There are two ways to change this Alarm Trip Delay: global (common for all 
channels except power failure) programming, and individual programming for 
each channel and power failure . 
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+ To program a new global Alarm Trip Delay, press: 

9 0 2 V ENTER 

where Vis a value consisting of I to 4 digits, between .1 and 9999.9 
seconds. For example, possible entries inc1ude .1, 5, 5.1, and 600.1 
(seconds). 

+ If you wish to program a new Alarm Trip Delay for an individual ZZ 
channel, press: 

6 ZZ V ENTER 

+ To set a different Power Failure Trip Delay, press: 

6 0 0 V ENTER (code 920 does the same thing) 

+ To turn off the Power Failure Alarm function, press: 

9 2 1 0 ENTER 

+ To tum on the Power Failure Alarm function, press: 

9 2 1 1 ENTER 

/ Note: 
The global code 902 overrides any previously set individual channel Alarm 
Trip Delays. Therefore, if you wish to establish a different global Alarm 
Delay and also program selected inputs for still different individual trip 
delays, perform the global programming first, and then any individual trip 
delay programming. 

The default trip delay is 2 seconds for the contact channels and 6 seconds 
(.1 hour) for power failure. If you are getting a lot of "nuisance" alarms, with 
a call saying, "alarm now normal," you might think about setting the alarm 
trip delay up a bit. A good example of this would be the power fail trip delay. 
In some areas of the country, it is very common to have short periods of 
power failure -- ten seconds or less. These may not be of particular concern, 
so setting the power fail trip delay to .2 or .3 hours could save unnecessary 
phone calls. 

~ Caution: 
When leaving program mode all timers for unacknowledged alarms and 
violations will be reset 

Phone Numbers and Pulse!Tone Dialing 
Also see the section 6.2.13, "Alarm Call Grouping," and Section 3.1, "Starting 
Up and Clearing the Unit." 
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Note: 
DN is the 2-digit Designation Number: 01 for the first phone number, 02 for 
the second number, up to 16 for the 16th phone number. 

Refer to Programming Worksheet A. Write down each phone number you 
wish to program, along with a person's name, for future reference. 

+ To program the first phone number to be dialed on alarm, press: 

7 01 (then the complete phone number) ENTER. 

+ To program the second phone number to be dialed on alarm: 

Use code 7 02 in place of 7 01 , progressing to a maximum of code 7 16 
for a 16th phone number. 

Each phone number may be up to 60 digits in length. Be sure to include any 
necessary area codes or "I" prefixes. 

+ To erase phone number DN, press: 

7 DN POINT ENTER. 

+ If you need Touch Tone dialing, press: 

9 01 1 ENTER . 

+ For high speed dialing, press: 

9 01 2 ENTER. 

Caution: 
"High speed dia1ing" may not work reliably with some older telephone 
company exchanges. 

+ To switch back to pulse dialing, press: 

9 01 0 ENTER 

+ To insert delays between dialed digits (e.g. after a leading "9" in PBX 
systems), in the programming process, press the MINUS key once for 
each one-second delay desired. To extend the length of each delay beyond 
I second, press: 

9 28 N ENTER 

where N is the number of seconds of delay desired for each delay invoked 
with the MINUS key. 
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Enhanced Telephone Interface Features 
The Enhanced Telephone Interface features give the user additional power to 
solve unusual telephone system interface problems and to provide more reliable 
and efficient notification of alarms. 

The Enhanced Telephone Interface Features include the following functions: 

+ 60 Digit Phone Numbers 

• For all 16 telephone numbers and the call-back number. 

+ Telephone Line Fault Detection (Phone Fault) 

• Tests phone line at regular programmed interval 

• Flashes TF AIL LED on dialer front panel upon failure 

• Logs Phone Faults and phone line restoration to Local Printer 

+ Automatic Selection of Tone versus Pulse Dialing 

• Tests for tone capability upon first power up without user 
intervention 

• May be overridden for PBXs with "non-standard" dialtones 

+ Call Progress Monitoring (CPM) 

• Detects busy and ringing signals 

• Waits until phone is answered to annunciate voice reports 

• Abandons call ifbusy or no answer and quickJy tries next number 

+ Numeric Pager Support 

• Designate Pager only numbers - no voice annunciation 

• Insert pager system terminator characters such as '#' or'*' 

• Insert DTMF A, B, C & D tones in phone number strings for 
unique IDs 

+ PBX Support 

• Ignore "non-standard" PBX dialtones 

• Insert "wait for outside line" dialtone into phone number strings 

The Enhanced Telephone Interface Features are included on Verbatims with a 
mainboard Revision ofVMP-5a and above and firmware revisions 2.09 and 
above ONLY. 

Contact your RACO Representative about upgrading if the Enchanced 
Telephone Interface is required. 
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60 Digit Phone Numbers 
Telephone numbers may be as long as 60 digits. This allows, for instance, the 
Verbatim autodialer to make calls using long distance companies which require 
entry of access codes. Even with many digits occupied by long distance 
numbers and access codes there will still be sufficient digits remaining for calls 
to pager systems requiring complex sequences of terminators, ID numbers, time 
delays, tone detects, etc. 

Telephone Line Fault Detection (Phone Fault) 
The Phone Fault Detection feature tests the telephone line whenever the unit 
needs to make a phone call and at a regular programmable time interval (as long 
as there are phone numbers programmed). 

Phone Fault is turned ON by default but may be disabled if so desired. Also, the 
Phone Fault Detection interval is user programmable. 

Phone Fault shares a user code with the Automatic Tone/Pulse Selection 
capability. The basic user command is code 917. Entering code 917 with no 
parameter will cause a recitation of the current settings for Phone Fault and 
Automatic Tone/Pulse Selection . 

The following parameters may be entered: 

+ Turns OFF BOTH Phone Fault Detect and Auto. Tone/Pulse Select 

9 1 7 0 

+ Turns ON Phone Fault Detect, turns OFF Auto. Tone/Pulse Select 

9 1 7 1 

+ Turns OFF phone fault detect, turns ON Auto. Tone/Pulse Select 

9 1 7 2 

+ Turns ON BOTH Phone Fault Detect and Auto. Tone/Pulse Select 
(default) 

9 1 7 3 

/ Note: 

The factory default setting for code 917 is parameter 3, BOTH Phone Fault 
Detect and Auto. Tone/Pulse Select ON. 

The command code 916 is used to set the Automatic Phone Fault Detection 
interval. Thls time interval can range from 0.1 hour to 24 hours. The factory 
default setting is 24 hours. Enter the command 916 followed by a value from 
0.1 to 24.0 to program the Phone Fault Detection interval. 
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+ For example, to set the Phone Fault Detection interval to 0.3 hour., enter: • 
916 0.3 

Whenever a Phone Fault is first detected, a Local Data Logger (LDL) message 
will be sent to the printer with date and time stamp. Additionally, the Phone 
Fault LED, labeled TF AIL, will begin to blink. 

If a Phone Fault is detected at the beginning of an outgoing phone call the 
TF AIL LED will flash and the unit will return to the NORMAL state. Then, 
while still in the NORMAL state, the unit will continually check the telephone 
line every 30 seconds for restoration of the telephone service. 

When telephone service is restored, a message will be sent to the Local Data 
Logger's printer and the TF AIL LED wilJ go from flashing to solid ON. The 
Verbatim autodialer will then resume making any pending phone calls. The 
TF AIL LED will remain ON until a voice message about the Phone Fault is 
communicated via the phone or to an operator at the front panel by pressing the 
CHECK STATUS button. The TF AIL LED and pending voice annunciation of 
the Phone Fault condition may also be cleared at the front panel by pressing the 
DISARM/RE-ARM button twice. 

No Phone Fault Detection will be performed if there are no phone numbers 
programmed. If the unit needs to make an alarm call when there is a Phone 
Fault the numbered channel LEDs will blink continuously even though the unit 
is in the NORMAL state. This unusual condition will only be seen while there 
is a Phone Fault and the unit is constantly testing for the return of telephone 
service. 

Automatic Tone/Pulse Selection 
When Automatic Tone/Pulse Selection is ON the Verbatim autodialer will test 
for the ability to use tone dialing. This test will be performed only once, one 
minute after the unit is powered on or is reset. Automatic Tone/Pulse Selection 
enables the installer to not be concerned about whether the telephone line 
supports tone dialing. 

Automatic Tone/Pulse Selection shares a user code with Phone Fault Detection. 
The basic user command is code 917. Entering code 917 with no parameter will 
cause a recitation ofthe current settings for Phone Fault and Automatic Tone/ 
Pulse Selection. The following parameters may be entered: 

+ Turns OFF BOTH Phone Fault Detect and Auto. Tone/Pulse Select 

9 1 7 0 

+ Turns ON Phone Fault Detect, turns OFF Auto. Tone/Pulse Select 

9 1 7 1 
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+ Turns OFF phone fault detect, turns ON Auto. Tone/Pulse Select 

9 1 7 2 

+ Turns ON BOTH Phone Fault Detect and Auto. Tone/Pulse Select 
(default) 

9 1 7 3 

/ Note: 

6.2.12 

The factory default setting for code 917 is parameter 3, BOTH Phone Fault 
Detect and Auto. Tone/Pulse Select ON. 

Setting Automatic Tone/Pulse Selection ON when it was previously OFF will 
cause the Verbatim autodialer to perforn1 the test for Tone/Pulse Selection even 
though it has been longer than one minute since the unit was last powered on or 
reset. 

After powering the unit on, Automatic Tone/Pulse Selection may be temporarily 
suspended by any front panel activity. Automatic Tone/Pulse Selection will 
then be resumed one minute after the front panel activity has ceased. 

No Tone/Pulse Selection will be done while the unit is being programmed over 
the phone or if there are not phone numbers programmed . 

Call Progress Monitoring (CPM) 
Call Progress Monitoring (CPM) operates by listening for the presence or 
absence of busy and ringing signals. These are the same signals you hear after 
you dial a phone number. Proper operation of CPM requires that the busy and 
ringing signals are composed of standard Call Progress frequencies. 

The possibility exists that CPM may not function properly because the CPM 
tones on a particular phone system are not standard. 

Unlike other equipment with Call Progress Monitoring, CPM on the Verbatim 
autodialer does not include detection for the dial tone at the beginning of the 
dialout session. However, dialtone detection is an integral part of Phone Fault 
Detection. This allows CPM to be operational even when the Verbatim 
autodialer is instal1ed inside of a PBX phone system which has a non-standard 
dialtone. 

CPM is intended to detect the following phone line states: 

• phone line is busy - both subscriber and trunk busy signals are detected 

• non-existent phone number 

• phone unanswered - still ringing 

• phone answered - ringing stopped 
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When CPM determines that a call is not complete, an appropriate report will be • 
sent to the local printer. 

Reasons for a non-completed call: 

• CPM determines the line is busy 

• CPM does not detect cessation of ringing before end of programmed CPM 
ring count 

• CPM does not detect either busy signal or valid ring signals 

Reason for a completed Call: 

• CPM detects at least one ring followed by cessation of ringing 

If a call is not completed, the Verbatim autodialer will disconnect the call and 
enter the intercall delay state. At the end of the intercall delay, the next 
programmed telephone number will be dialed. 

When a call is not completed, the intercall delay will always be shortened to 30 
seconds. This CPM altered intercall delay is fixed at 30 seconds and is not 
affected by the user-programmed intercall delay. The normal programmable 
intercall delay will apply only to the delay between completed calls. 

Call Progress Monitoring for firmaware version 2.09 is set to ON by factory 
default. lfCPM is OFF the Verbatim will deliver voice messages without regard • 
to any ringing or busy signals. This unit will simply dial the number, then after 
a short delay, start annunciating voice reports. 

As noted above, dialtone detection is actually a part of the Phone Fault 
Detection feature. It is possible to have CPM turned OFF and Phone Fault 
Detect turned ON. In this case, the unit wi11 test for a dialtone but not for busy 
or ringing signals. 

Use code 900 to read or set CPM programming. Use code 900 followed by a I 
or 0 parameter to program CPM ON ( 1} or OFF (0}. 

The CPM ring count is the number of rings Verbatim autodialer will wait for an 
answer before considering the call to be incomplete. Use code 918 to read or set 
the number of CPM rings. The factory default is 1 0 rings and the user may 
program any number of rings from 5 to 20. 

• For example, to program the CPM ring count to 10 rings, enter: 

918 10 then ENTER 
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Alarm Call Grouping 
This is a programming step that "links" selected channels to selected dialout 
phone numbers, so that when a given channel goes into alarm, only the phone 
numbers "linked" to that channel will be dialed. Ordinarily, an alarm on any 
channel will cause dialing of the entire list of phone numbers. 

Alarm Call Grouping is typically done when certain channels are associated 
with a specific category of personnel, such as electrical, plumbing, security, etc. 
However, Power Failure to the Verbatim autodialer causes dialing of all phone 
numbers. If you need to limit Power Failure alarm calls to selected numbers: 

1. Turn off the regular Power Failure alarm function using code 9 2 1 0, 
(described below) 

2. Then connect an unused input channel for power failure monitoring, using 
the contacts of a relay. 

To program for Alarm Call Grouping: 

1. Enter your phone number. It is important to first write in your entire list 
of phone numbers on Programming Worksheet A in Appendix J. 

/ Note: 

There is a 2-digit "Designation Number" on the Worksheet associated with 
each phone number (01 for the first number, etc.). This number corresponds 
with the 3-digit program code for entering phone numbers (701 for the first 
number, etc.). 

2. Group them by using code 5 ZZ 9 DN. Begin by filling in 
Programming Worksheet Bin Appendix J. 

Refer to the filled-in examples for guidance. The right-hand column will 
now contain the actual program code strings which you should now enter, 
terminating each string entry with the ENTER key. 

For example, to link channel 1 to the second and fifth phone numbers, 
following the filled-in example, you would press: 

5 01 9 02 05 ENTER 

3. Phone numbers will always be dialed in ascending order of the 2-digit 
Designation Numbers, regardless of their order in your program code 
entry. Note that an alarm on any channel that is not "linked" with a 
program code entry will cause dialing ofthe entire list of phone numbers. 

+ To read the linkage programming on channel ZZ, press: 

5 ZZ 9 ENTER 
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+ To "un-link" channel ZZ so that it again calls all phone numbers, • 
press: 

5 ZZ 9 POINT ENTER 

+ To undo all existing linkage on all channels, press: 

9 35 2 ENTER 

Alarm Ready Scheduling 
Refer to Section 7, "Using the Alarm Ready Schedule Feature," for use and 
application information. See also Appendix E , "Data Acquisition/Central Data 
Logging." 

local Data Logging Programming Codes 
Refer to Chapter 2, "Installation," for use and application information. 

Analog Input Programming 
Refer to Appendices B, C and D, "Analog Signal Input," "Remote Supervisory 
Control Output," and "Printer Options," for use and application information . 

Remote Supervisory Control 
Refer to Appendices B, C and D, "Analog Signal Input," "Remote Supervisory 
Control Output," and "Printer Options," for use and application information. 
See also Appendix E, "Data Acquisition/Central Data Logging." 

Data Acquisition/Central Data Logging 
Refer to Appendix E, "Data Acquisition/Central Data Logging." 

Miscellaneous Programming Tips 
(903) Time Between Alarm Call Outs 

This is the length of time after ending one alarm call-out and before beginning 
the next call-out. Default value is 2 minutes; range is 0.1 to 99.9 minutes. 

+ To program a different number of minutes V, press: 

9 03 V ENTER 
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(904, 922) Alarm Reset Time 

This is the length of time after acknowledgment before a given channel (or 
Power Failure) is automatically reset to a clear condition, ready to act on a new 
alarm condition. Refer to the diagram "Anatomy of an Alarm" in Section 5, 
"Using Your Verbatim Autodialer," for a depiction of the various events in
volved in association with the Alarm Reset Time. Default value is I hour; range 
is 0.1 to 99.9 hours. 

+ To program a different number of hours V, press: 

9 04 V ENTER 

+ To tum the Alarm Reset Timer function off, press: 

9 22 0 ENTER 

Caution: 
You should not tum the alarm reset timer function off under normal 
circumstances because once a given channel's alarm has been acknowledged, 
it would never again cause an alarm call out. 

+ To tum the Alarm Reset Timer function on again, press: 

9 22 1 ENTER 

(905) Clear All Acknowledged Alarms and Alarm Reset Timers 

Especially during setup and testing, it is useful to be able to re-trip an alarm 
after it has previously been tripped and acknowledged, without having to wait 
for the Alarm Reset Time to expire. 

+ To perform this clear out, press: 

9 0 5 ENTER 

At the panel, the same result may be more easily obtained by pressing 
DISARM/RE-ARM to disarm the unit, then pressing it again to rearm the unit. 

(906) Ring Answer Delay 

Represents the number of rings required when calling the Verbatim unit, before 
the unit will answer. A long ring delay might be programmed if you wish 
personnel to have the opportunity to answer a regular telephone on the same 
line, before the Verbatim autodialer would answer. Default value is 1 ring; 
range is I to 20 rings. 

+ To program a different number of rings N, press: 

9 06 N ENTER 
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(907) Number of Alarm Message Repeats 

Represents the total number of times each message or set of messages is spoken 
during each alarm call out. Normally a value of 3 repeats (strictly spealdng, the 
alarm message plus 2 repeats) should be programmed. The reason for this is 
that there needs to be adequate message recital time to allow adequate time to 
answer the phone call and hear at least one complete set of messages. Default 
value is 3 repeats; range is 1 to 20 repeats. 

+ To program a different number of repeats N, press: 

9 07 N ENTER 

(908) Autocall Test Function 

The Autocall Test Function causes the unit to place test calls at regular intervals 
for the purpose of ongoing verification of Verbatim autodialer and phone line 
functioning. Calls are placed only once for each interval, to each regular phone 
number programmed (7 01 through 7 16). The exception being the 
acknowledgement of a test call, where additional calls will not be placed for 
that time interval. Each call gives the station ID message and a statement that 
this is a test call, plus a report of all inputs. 

+ To tum this function on, press: 

9 08 1 ENTER 

+ To tum it off, press: 

9 08 0 ENTER 

The first series of calls begins as soon as the Autocall Test Function is turned 
on. Therefore, if you want the unit to call at 5 PM each day, you will need to 
tum this function on at that time. The default interval is 24 hours; range is 0.1 to 
99.9 hours. 

+ To program a different interval V, press: 

9 09 V ENTER 

/ Note: 
If the Verbatim autodialer is in the disarmed mode, 
call-outs/autocalls will not be made. 

(91 0) Security Access Code 

Once you establish a Security Access Code, unauthorized personnel are pre
vented from altering your programming or messages over the phone without 
first entering the Access Code. This does not affect programming access at the 
panel. 

+ To establish an Access CodeN of up to 8 digits, press: 

9 10 N ENTER (at the panel) 
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Once established, whenever you press a Command Tone 1 at the prompting 
beep, the unit first prompts you to enter the Access Code before allowing you to 
perform programming or message recording operations. You may still read 
existing programming without using the Access Code by pressing a Command 
Tone 2 at the prompting beep. However, the Access Code itself cannot be read 
over the phone. 

+ To delete the Security Access Code so that no code is required in order to 
perform over the phone programming, press: 
9 1 0 POINT ENTER (at the panel) ONLY 

(921, 930) Power Failure Alarm Function ON/OFF; 
DISARM/RE-ARM All Alarms 

+ To tum off the Power Failure Alarm function, press: 

9 21 0 ENTER 

+ To tum the Power Failure Alarm function on again, press: 

9 21 1 ENTER 

+ To disarm the unit, preventing any alarm call outs, press: 

9 30 0 ENTER 

+ To rearm the unit, press: 

9 30 1 ENTER 

At the front panel, the same result is more easily obtained by using the 
DISARM/RE-ARM key. 

(700, 924) Callback/Callforward 

This feature causes the unit to dial a special "zeroth" phone number on com
mand. This is typically initiated over the phone, causing the unit to call back to 
the person who invoked the command, in order to verify the ability of the unit 
to successfully dial out. The unit gives a status report of all channels as part of 
this call. 

+ To program this special callback number, press: 

7 00 (then the complete phone number) ENTER 

+ To initiate the actual dialing, press: 

9 2 4 ENTER 

If you have executed this command over the phone, the unit will advise you that 
it will be calling the callback number in 15 seconds. Then it will end the current 
call in preparation for placing the callback call. If you have executed this com
mand at the front panel, the dialing will occur immediately . 
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/ Note: 
If the Verbatim autodialer is in the disarmed mode, 
call-outs/autocalls will not be made. 

(926) Delay Before Return to Normal (Exit Delay) 

Sometimes it is desirable to prepare the unit for the ability to detect violations 
and dial out, but with an "exit delay" that allows the user time to exit or remove 
temporarily existing alarm violations before the unit becomes active. 

To set delay before Return to Normal: 

1. Press: 

9 26 V ENTER 

where Vis the desired delay in minutes (range 1.0 to 99.9 minutes). 

2. Then press DISARM/RE-ARM if necessary to extinguish the flashing 
DISARMED legend light. However, do not press NORMAL, but instead 
leave the unit in PROGRAM mode, with the PROGRAM light illumi
nated. The unit cannot go into alarm while in PROGRAM mode. 

• 

When the delay period times out, the unit will automatically return to NOR
MAL mode and will then be ready to act on any alarm violations that occur 
after that time. This code must be re-entered each time you wish an exit delay, • 
since the delay value automatically returns to the default value of 2 minutes 
upon timeout. 

The 2 minute default value provides protection against the possibility that 
someone might walk away leaving the unit in PROGRAM mode, or perhaps 
hang up the phone after performing over-the-phone programming without 
properly ending the call. 

(932, 933, 934) Microphone and Speaker Operation 

If you enable the front panel microphone using program code 933 as described 
below, the microphone will be automatically activated for a 15 second listening 
period at the end of each alarm or inquiry call, allowing you to hear the sounds 
near the unit from a remote telephone. 

An additional warble tone is issued at the end of this listening period, allowing 
you to postpone tone acknowledgment until after the listening period. 

+ To tum this function on, press: 

9 33 1 ENTER 

+ To tum this function off, press: 

9 33 0 ENTER 
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If you have turned the microphone on, as above, then during any phone call, 
you may also invoke a one-time listening period by entering Remote Program 
Mode (press 1 at the warble tone) and then entering 9 3 2 # #. 

+ To tum off the speaker so that neither alarm call or inquiry call activity is 
heard at the unit, press: 

9 34 0 ENTER 

The speaker will still be heard when operating keys at the front panel. 

+ To tum the speaker on again, press: 

9 34 1 ENTER 

/ Note: 

6.2.20 

The speaker volume may be adjusted via the trimpot marked SPKR VOL 
shown on the Electrical Connection Diagram. See Section A.l, "Adjusting 
Internal Speaker Volume. 

Program Clear Out Operations 
The following list of program codes provides a flexible variety of operations to 
conveniently clear selected programming items in order to allow for a fresh 
start. 

Code Function 
935 0 Clears out phone numbers; sets all delays to default. 
935 1 Clears out phone numbers only. 
935 2 Clears out all alarm call grouping linkage. 
935 3 Sets the following delays to their factory default values: 

902,903,904,920,921,926,928 
(921 sets power failure alarm ON) 

935 4 Clears all user recorded messages. 
935 5 Clears all programming except messages. 

( Does not clear 913, 930, 941, and 942) 
935 6 Clears all Totalizer counts to zero. 
935 7 Clears and initializes clock. 
935 9 Total clear out (Does not clear 941 and 942). 

Caution: 
Code 9 35 9 erases all programming and messages . 
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(940) Diagnostic Readouts 
To assist in analyzing the way the unit is operating, the following list of diag
nostic count codes is provided. 

Code Function 
940 Reads a114 diagnostic counts (add 0 to clear all4) 
940 1 Reads Call In Count (add 0 to clear) 
940 2 Reads Dial Out Count (add 0 to clear) 
940 3 Reads Acknowledged Alarm Count (add 0 to clear) 
940 4 Reads Power Failure Alarm Count (add 0 to clear) 
940 0 To Clear all Counts 
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Using the Alarm Ready Schedule 
Feature 

Definition 
An Alarm Ready Schedule is defined as an interval of time during which the 
Verbatim autodialer is ARMED and "Ready" to respond to alarm conditions. 
Alarm Ready Schedules can be automatically started according to times and 
dates entered by the operator. An Alarm Ready Schedule commences with the 
Verbatim autodialer becoming REARMED. (If the Verbatim autodialer was 
previously not DISARMED then the schedule will still be commenced at that 
time.) Once the Alarm Ready Schedule has commenced the Verbatim 
autodialer will continue in an ARMED state until the end of the Alarm Ready 
Schedule, at which time the Verbatim autodialer will be automatically 
DISARMED. Once an Alarm Ready Schedule has commenced it is said to be 
"active." 

There are three steps to programming for Alarm Ready Scheduling: 

+ Date and time setting 

+ Enter alarm start and stop times 

+ Enable the Alarm Ready Scheduling feature using code 9 6 6 N. 

General Descriptions 
Alarm Ready Schedules can be viewed as really nothing more than an 
automated way of pressing the REARM/DISARM button. Therefore, if an 
alarm occurs while the Verbatim autodialer is DISARMED, no dial-outs will be 
made and the alarm will be automatically acknowledged. Correspondingly, if 
there is an acknowledged alarm when the Verbatim autodialer becomes 
REARMED and the input violation is still present then the Verbatim autodialer 
will begin calling after the trip delay has elapsed. 

If the Verbatim autodialer is doing a sequence of alarm calls or Autocall calls at 
the time when an Alarm Ready Schedule should change the Verbatim 
autodialer's REARM/DISARM state the change will be delayed until after the 
end of the calling sequence . 
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Alarm Ready Schedules can be temporarily overridden by the operator pressing • 
the REARM/DISARM button. However, if the REARM/DISARM button is 
pressed during an active Alarm Ready Schedule the schedule still remains 
active. If the operator DISARMs the Verbatim autodialer in the middle of an 
Alarm Ready Schedule the schedule will actually continue to it's ending time. 
It will then deactivate itself and attempt to DISARM the Verbatim autodialer 
just as if the Verbatim autodialer was still ARMED. If the operator DISARMs 
the Verbatim autodialer in the middle of an active Alarm Ready Schedule, then 
REARMs the Verbatim autodialer once again before the end of the Alarm 
Ready Schedule the schedule will remain active until its ending time. The 
schedule will then be deactivated and the Verbatim autodialer will be 
DISARMED. 

7-2 

RE-ARMED - 17:00 

FRIDAY 
17:00 

RE-ARMED 

Weekday Timer 

00:00 

12:00 

Weekend Timer 

SUN 

06:00 

DISARMED 

D ARMED PERIOD 

MONDAY 
08:00 

DISARMED 
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Holiday Timer is Linear 
July 6, 1993 

Current Dateffime 08:00 

1 
DISARMED 

JAN FEIB MAR APR MAY JUN JUL~ AUG SEP 

1993rl ~-+--~1----rl--~1----lr---+.lt~~l----rl--~~~ 

July 2, 1993 
17:00 

RE-ARMED 

Alarm Ready Schedule Modes 
There are three possible Alarm Ready Schedules modes: Weekday, Weekend & 
Holiday. Any combination of these three possible schedules may be enabled at 
one time, however, the Verbatim may only become REARMED or DIS
ARMED by one mode at a time. See Section 7.7, "Alarm Ready Schedule 
Priorities." For example, you may have both weekday & weekend schedules 
enabled at the same time or you may have all three enabled at the same time. 
When the Verbatim becomes DISARMED or REARMED by an Alarm Ready 
Schedule it will verbally announce which mode caused the REARM/DISARM 
action. The Alarm Ready Schedule modes are as follows: 

Mode 
Mode I 
Mode2 
Mode3 

Schedule 
Weekday Schedule 
Weekend Schedule 
Holiday Schedule 

For example, if there was a weekday schedule enabled to REARM the Verbatim 
at 1700 daily, when the weekday schedule became active the Verbatim would 
say, "REARMED for mode I". Also, when there is a local printer connected to 
the Verbatim , the mode of the Alarm Ready Schedule causing the REARM/ 
DISARM (WEEKDAY, WEEKEND, or HOLIDAY) will be printed along with 
the current time . 
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Weekday Schedule Mode 1 
The weekday schedule will REARM the Verbatim autodialer daily at the 
programmed weekday REARM time and DISARM the Verbatim autodialer 
daily at the programmed DISARM time. If no weekend schedule is enabled (via 
the Alarm Ready Control Number settings) then the weekday schedule applies 
everyday, Monday through Sunday. As noted below, the weekend schedule is 
overridden by the weekend and holiday schedules. 

Weekend Schedule Mode 2 
If programmed, the weekend schedule operates once a week. The weekend 
schedule is set by factory default to be Friday through Monday. If the defaults 
are used the Verbatim autodialer could be REARMED every Friday afternoon 
at 1700 and DISARMED again every Monday morning at 0800. The weekend 
schedule could be changed from the defaults, for example, so that the Verbatim 
autodialer would be REARMED on Saturday and DISARMED on Monday (for 
organizations with 6 day work-weeks). 

When the weekend schedule is enabled the weekday schedule will be 
overridden. In other words, there would be no DISARMING of the unit at 0800 
Saturday morning. 

By default, the weekend REARM/DISARM times are set to be the same as the 
weekday REARM/DISARM times. However, non-default weekend REARW 
DISARM times may be entered if the operator so chooses. 

Therefore, if personnel regularly leave early on Fridays then the REARM time 
could be set to 1500 instead of the usual 1700. 

Holiday Schedule Mode 3 
The Holiday schedule is a one-shot, non-recurring schedule which overrides all 
of the other schedules. 

The Holiday schedule will be set by factory default to some Holiday period in 
the past (such as last Christmas). 

/ Note: 
For the Holiday schedule only, the exact date is entered including the year. 
Once, the Holiday schedule has been run it is complete and finished until a 
new schedule, for some date in the future, is entered. 

• 

• 

To use the Holiday Alarm Ready Schedule, the operator must enter the REARM 
date (month/date/year) and DISARM date (month/date/year). • 
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Using the Alarm Ready Schedule Feature 

For the time-of-day, the Holiday Alarm Ready Schedule always uses the 
Weekend REARM/DISARM times. 

Alarm Ready Schedule Priorities 
There is a priority among the Alarm Ready Schedules. The Holiday Alarm 
Ready Schedule has the highest priority, then comes the weekend schedule and 
finally the weekday schedule. 

If all three Alarm Ready Schedules are to be active, a Holiday schedule will 
always start at it's scheduled time & date regardless of the state of the other 
schedules. When the Holiday schedule is over then the other schedules will 
resume. 

Likewise, the Weekend Alarm Ready Schedule has priority over the Weekday 
Alarm Ready Schedule. The weekend schedule will always start at its pro
grammed day-of-week and time regardless of the state of the weekday schedule. 
When the weekend schedule is over then the weekday schedule will resume. 

Programming Alarm Ready Schedule 
Parameters 
The following section explains the Verbatim autodialer codes to be used for 
programming Alarm Ready Schedules and the Alarm Ready Schedule Control 
Numbers. Alarm Ready Schedule parameters may be entered either at the front 
panel or over the phone. 

There are some restrictions which must be remembered when entering 
DISARM/REARM times and ALARM READY SCHEDULE CONTROL 
NUMBERS. 

I. When entering new schedule times, the REARM time must be later than 
the time the operator is programming the schedule. However, it may not 
be possible to "jump" into a schedule when exiting the programming 
mode. For example, if the current time is 1700 hours and the operator 
enters a weekday schedule to REARM daily at 1630 and DISARM daily 
at 0730, this new schedule would not start until the following day at 1630 
hours. 

Conversely, assume that the current time is 1700 hours and that the 
operator goes into PROGRAM mode and enters a new weekday schedule 
to REARM at 1705 and DISARM at 0800. At this time, the operator can 
either return to NORMAL mode or continue in PROGRAM mode and do 
other programming. Even though it may be after 1705 when finally 
returning to the NORMAL mode, the weekday schedule wi11 still begin (or 
have begun) at 1705 hours. 
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2. You cannot enter any holiday date values which will cause the holiday • 
REARM or DISARM date and time to be earlier than the current date and 
time. As explained below, the holiday schedule uses the weekend times 
for the time-of-day of the holiday REARM and DISARM. 

3. It's useful to understand that the Verbatim autodialer's internal count
down timers used for REARM/DISARM times are re-calculated as a 
result of the operator making certain Alarm Ready Schedule programming 
changes. Anytime a new REARM or DISARM date/time is entered, a 
calculation is made to determine the next REARM and DISARM for that 
particular schedule. 

Also, when the ALARM READY SCHEDULE CONTROL NUMBER is 
changed all REARM and DISARM date/times are re-calculated. Further, 
whenever the current date or time is set or changed by the operator, all 
REARM and DISARM date/times will be re-calculated. 

7.9 Starting the Real-Time Clock Chip, 
Time and Date Setting 
Use Program Code 935 7 ENTER to start the real time clock chip. This needs to 
be done only once at the time of the installation of the chip. 

Time and date may be set or corrected with the following programming code 
entries: 

+ To check the date: 

941 ENTER 

+ To set the date: 

941 MM DD YY D ENTER 

MM is the month (03 for March); DD is the date (07 for the 7th day of the 
month); YY is the year (89 for 1989); and Dis the day ofthe week (I for 
Sunday; 2 for Monday, etc.). Entry ofD is optional. 

+ To check the time: 

942 ENTER 

+ To set the time: 

942 HH MM SS ENTER 

HH are the hours in military time (13 for 1 PM); MM are the MM (09 for 9 
minutes); and SS are the seconds. Entry of SS is optional. 

+ To clear the time and date back to 00:00:00 on 01101/89: 

935 7 ENTER 
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Using the Alarm Ready Schedule Feature 

Setting Alarm Start & Stop Times 
CODE 961 

READ WEEKDAY REARM & DISARM TIME (defaults: 1700 & 
0800) Press 9 6 1 then ENTER to hear the Weekday REARM & DISARM 
times recited. Times will not be altered and new REARM & DISARM 
values will not be calculated. 

SET WEEKDAY REARM & DISARM TIME Press 9 6 I plus 
REARM & DISARM time. For example, 961 1600 0700 then ENTER to 
set REARM time to 1600 (4:00P.M.) & DISARM time to 0700 (7:00 
A.M.) The user is allowed to enter just the REARM time, i.e.; 961 1600 
(enter). But, if the user wants to change the DISARM time then both the 
REARM & DISARM times must be entered. 

CODE962 

READ WEEKEND REARM & DISARM TIME (defaults: 1700 & 
0800) Press 9 6 2 then (enter) to hear the Weekend REARM & DISARM 
times recited. Times will not be altered and new REARM & DISARM 
values will not be calculated. 

SET WEEKEND REARM & DISARM TIME Press 9 6 2 plus 
REARM & DISARM time then ENTER, for example, 962 1500 0700 
then ENTER to set REARM time to 3:00P.M. & DISARM time to 7:00 
A.M. The user is allowed to enter just the REARM time, i.e.; 962 1500 
ENTER. But, if the user wants to change the DISARM time, then both the 
REARM & DISARM times must be entered. 

CODE 963: 

READ WEEKEND REARM & DISARM DAY-OF-WEEK (defaults: 
Fri. & Mon.)- Press 9 6 3 then ENTER to hear the Weekend REARM & 
DISARM day-of-week (d-o-w) recited as a number from 1 to 7. Note: 
Sunday = 1, Monday = 2, etc. Day-of-week will not be altered and new 
REARM & DISARM values will not be calculated. 

SET WEEKEND REARM & DISARM DAY-OF-WEEK Press 9 6 3 
plus REARM & DISARM d-o-w then ENTER. For example, 963 6 1 then 
ENTER to set the weekend REARM day-of-week to Friday & REARM 
day-of-week to Sunday. The user is allowed to change only the REARM 
d-o-w if so desired, e.g.; 963 7 ENTER to set the REARM d-o-w to 
Saturday. But, if the user wants to change the DISARM d-o-w then both 
the REARM d-o-w & DISARM d-o-w must be entered . 
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Using the Alarm Ready Schedule Feature 

CODE 964: 

READ HOLIDAY REARM DATE (default: 12/24/95) Press 9 6 4 then 
ENTER to hear the Holiday REARM date recited. The Holiday REARM 
will not be altered. 

SET HOLIDAY REARM DATE Press 9 6 4 plus REARM date. For 
example, enter 964 12 24 95 ENTER to set holiday REARM date to 
December 24, 1995. The new REARM date can not be before today's 
date. 

Note: 
The day-of-week date cannot be entered for a Holiday schedule. 

CODE 965: 

READ HOLIDAY DISARM DATE (default: 12/26/95) Press 9 6 5 then 
ENTER to hear the Holiday DISARM date recited. The Holiday 
DISARM will not be altered. 

SET HOLIDAY DISARM DATE Press 9 6 5 plus REARM date. For 
Example, enter 965 12 26 95 ENTER to set holiday DISARM date to 
December 26, 1995. The new DISARM date can not be before today's 
date. 

Note: 
The day-of-week date cannot be entered for a Holiday schedule. 

Enabling the Alarm Ready Schedule 
Feature 
CODE966 

READ ALARM READY SCHEDULE CONTROL NUMBER 
(default: 0) Press 9 6 6 then (enter) to hear the Alarm Ready Schedule 
Control Number recited. The Control number will not be altered and new 
REARM & DISARM values will not be calculated. 

ALARM READY SCHEDULE CONTROL NUMBER HAS THE 
FOLLOWING MEANING: 

0 OFF No Alarm Ready Schedules executed. Also used to reset all 
active Alarm Ready Schedules. 

Only the Weekday Alarm Ready Schedule will be active. (Daily: 
Monday-Sunday) Default: REARMED everyday 1700 & DIS-

• 

• 

ARMED everyday 0800. • 
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Using the Alarm Ready Schedule Feature 

2 Only Weekend Alarm Ready Schedule will be active. Default: 
REARM every Friday 1700 & DISARM every Monday 0800. 

3 Both Weekday & Weekend Alarm Ready Schedules will be 
active. Default: REARM daily at 1700 Monday-Thursday & 
DISARM daily at 0800 Tuesday-Friday. REARM Friday at 1700 
& DISARM Monday at 0800. 

4 Only Holiday Alarm Ready Schedule will be activated. Default: 
REARM at 1700 December 24, 1990 then DISARM at 0800 
December 26, 1990 

5 Both Holiday & Weekday Alarm Ready Schedules will be 
activated. Default: REARM daily at 1700 & DISARM daily at 
0800. REARM at 1700 December 24, 1990 then DISARM at 0800 
December 26, 1990. 

6 Both Holiday & Weekend Alarm Ready Schedules will be 
activated. Default: REARM every Friday at 1700 then DISARM 
every Monday at 0800. REARM at 1700 December 24, 1990 then 
DISARM at 0800 December 26, 1990. 

7 Holiday, Weekend & Weekday Alarm Ready Schedules will be 
activated. Default: REARM daily at 1700 Monday-Thursday then 
DISARM daily at 0800 Tuesday-Fri. REARM every Friday at 
1700 then DISARM every Monday at 0800. REARM at 1700 
December 24, 1990 then DISARM at 0800 December 26, 1990. 

Whenever a new Alarm Ready Schedule Control Number is entered all 
REARM & DISARM values will be recalculated. Any active Alarm Ready 
Schedules will be halted and the Verbatim autodialer will be left in which 
ever REARM/DISARM state it was last in. 

Factory Defaults 
Activity 
Weekday REARM time 
Weekday DISARM time 
Weekend REARM day-of-week 
Weekend DISARM day-of-week 
Weekend REARM time 
Weekend DISARM time 
Holiday REARM date 
Holiday DISARM date 
Holiday REARM time 
Holiday DISARM time 
Alarm Ready Control Number 

Verbatim Owner's Manual 

Schedule 
1700 
0800 
Friday 
Monday 
1700 
0800 
12/24/90 
12/26/90 
always same as Weekend REARM time 
always same as Weekend DISARM time 
0 (all schedules disabled) 
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Note: 
Both Weekend times are initially the same as their respective Weekday times, 
but can be reprogrammed. 

Weekday and Weekend Alarm Ready 
Schedule Programming Example 
For the following example assume that personnel are present at a plant being 
monitored by the Verbatim autodialer during normal business hours, Monday 
through Friday, 7 A.M. to 4 P.M. Assume further that there is someone at the 
plant every Saturday from 7 A.M. until I2 Noon and that the personnel would 
be aware of any alarm conditions at the plant and would not want the Verbatim 
autodialer to be making calls to phone numbers in its phone number list. 

In this example, the Verbatim autodialer should be: 

• REARMED every weekday evening at I600 

• DISARMED every weekday morning at 0700 

• REARMED every Saturday at 1200 noon 

• Stay in the ARMED state until it is DISARMED every Monday at 0700 

For the example, use the following steps: 

I. Verify that the current time is one of the times when the Verbatim 
autodialer is DISARMED, i.e.; during normal workday hours. It is 
important that the time be the current time, since any Alarm Ready 
Schedule begins with the Verbatim autodialer becoming REARMED and 
ends with the Verbatim autodialer becoming DISARMED. 

If a user were to set up a repeating Alarm Ready Schedule (weekday or 
weekend) during the time the Verbatim autodialer was to be ARMED, the 
programmed schedule would not actually begin until the next time that 
schedule was to take effect. For example, if the current time was 1630 
and a weekday schedule was being programmed, that weekday schedule 
would not actually start until the next day at 1600. 

2. Press the PROGRAM key to put the Verbatim autodialer into the program 
mode. 

3. Set the current date and time: (if not already set) 

7-10 

a. Enter CODE "94I MM DD YY d" followed by ENTER 

Where: 

MM = 2 digits for month, DD = 2 digits for date, 

YY = 2 digits for year, and d = I digit for day-of-week. 
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Using the Alarm Ready Schedule Feature 

b. Enter CODE "942 HH MM SS" followed by ENTER 

Where: 

HH = 2 digits for hours, MM = 2 digits for minutes, 

SS = 2 digits for seconds. 

4. Set the Weekday REARM/DISARM times: 

Enter CODE "961 1600 0700" followed by ENTER to set the 
REARM time to 1600 and the DISARM time to 0700. 

5. Set the Weekend REARM/DISARM times: 

Enter CODE "962 1200 0700" followed by ENTER to set the 
weekend REARM time to 1200 and the weekend DISARM 
time to 0700. 

6. Set the Weekend REARM/DISARM day-of-week: 

Enter CODE "963 7 2" followed by ENTER to set the weekend 
REARM day-of-week to Saturday and the Weekend DISARM 
day-of-week to Monday. 

7. Enable both the Weekday and Weekend Alarm Ready Schedules: 

Enter CODE "966 3" followed by ENTER to set the Alarm 
Ready Schedule Control Number to 3 to enable both the Weekday 
and the Weekend Alarm Ready Schedules. 

Note: 
Ifthe Verbatim autodialer is configured with a local printer, a summary of all 
of the REARM and DISARM times will be printed. 

8. Return to the Normal mode and make sure the Verbatim autodialer is 
DISARMED . 
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Maintenance, Testing, and Battery 
Replacement 

Regular testing is the main element of a maintenance program for ongoing 
Verbatim autodialer reliability. The test should include interrupting AC power 
to the Verbatim autodialer for at least 4 hours to verify the gel cell battery 
maintains Verbatim autodialer operation for that time. You may wish to discon
nect the phone cord to avoid nuisance calls during the test period. 

/ Note: 

The LOBA T light on the Verbatim activates whenever the charge or discharge 
current for the rechargeable battery exceeds a certain level. If the battery is 
not fully charged (as following installation or following a power failure) then 
the charging current will activate the light. If the battery is currently being 
discharged (as during a power failure) the light will be activated. The 
LOBA T light does not necessarily warn of a battery wearing out. It should be 
considered a secondary indication of battery and charger activity . 

The gel cell battery is much like a car battery. That is, at the end of its life 
when called on to deliver power, it discharges very quickly without prior warn
ing. The best protection is to replace the battery every 3 years regardless of any 
test results. 

The battery is a Power Sonic PS 640, 4 AH 6 volts 

You may order a replacement battery from RACO at the address below: 

RACO Manufacturing and Engineering Co. 
1400 62nd Street 
Emeryville, CA 94608 

Or from: 

Power Sonic, Redwood City, CA; (415) 364-5001 

See Section 9.2, "Phone Support Procedures," and Section 9.3, "Returning Parts 
to the Factory," for more information . 
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Troubleshooting Tips 

What•s The Problem? 

Unit is dead: no lights or voice. 
If the unit will not respond to the ON/OFF key, verify that the battery is con
nected. Verify that there is 120 volts AC between the WHITE and BLACK wire 
terminals on TS3. Verify that the fuse (1/4 amp slow blow) is not blown. 

Unit seems OK but will neither answer nor dial out on phone 
line. 

This assumes that you hear a voice report at the panel when you press CHECK 
STATUS. With the NORMAL light lit, test the phone line by pressing DIAL
OUT. The PHONING light should light and you should hear a dial tone. 

If you do not hear a dial tone, open the door of the unit and verify that relay K1 
is correctly seated in its socket, with its indentation mark facing downward. 
Check the phone line and its connection with a DC voltmeter and/or a separate 
telephone handset. Verify the presence of about 50 volts DC between the RED 
and GREEN conductors on phone line terminal strip TS2. This voltage will 
drop to just a few volts when the Verbatim autodialer or other connected phone 
device goes off hook (PHONING light lit). 

If you do hear the dial tone after pressing DIALOUT, press the digits of a valid 
phone number. You should hear the loud clicks of relay Kl (for pulse dialing) 
or else the tones of tone dialing, as you press each digit. The dial tone should 
cease after you have entered the first digit. Continue until you have dialed the 
complete phone number. You should now hear the sound of ringing and 
someone answering at the other end. End the call by pressing NORMAL. 

Unit answers incoming calls, and also goes into alarm when it 
should and attempts to dial out, but does not reach dialed 
number. 

First, verify whether the unit is actually attempting to dial out, as evidenced by 
pulse dialing clicks or tone dialing sounds followed by message recital. If not, 
then see the separate problem below, "Unit does not go into alarm when it 
should". 

If your unit has previously been programmed for Automatic Tone/Pulse select 
(via code 917 2 or 917 3) and has been left connected to a phone line for several 
minutes, then you can assume that the correct dialing mode for your phone line 
has already been selected. Again, refer below to "Unit does not go into alarm 
when it should." 
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If Automatic Tone/Pulse select is programmed OFF (via code 917 0 or 917 I) 
and you hear the clicks or tone dialing sounds, but the dial tone does not cease, 
perhaps your phone system requires the opposite mode of dialing (pulse vs 
tone) from its presently set mode. Read the present mode by pressing 
PROGRAM 9 0 1 ENTER. Then set the opposite by entering 9 0 I I (to change 
to tone dialing), or 9 0 1 0 (to change to pulse dialing). Then press NORMAL 
and repeat the manual DIALOUT procedure as described above. 

Verify that you have programmed complete phone numbers including any area 
codes or "1" prefixes that might be required to complete the call. 

Consider whether your phone system requires a prefix such as 9 to be dialed, 
followed by a delay period (to access an outside phone line) before dialing out. 
If so, see Section 3.2, "Programming Phone Numbers." 

Unit dials out, but will not answer incoming calls. 

Check programmed ring delay by pressing PROGRAM 9 0 6 ENTER. If it is set 
for a number larger than one, the Verbatim autodialer is not supposed to answer 
until the corresponding number of rings has been received. Try setting it back to 
1 using code 9 0 6 I ENTER. If the unit still will not answer incoming calls but 
is able to dial out, try plugging a regular telephone into the same phone jack in 
place of the Verbatim autodialer and see if it rings. If the problem is not the 
phone line, try temporarily connecting test point C to test point D on the main 
circuit board, for a period of about 5 seconds and see if it "answers" with the 
PHONING light and a voice report, then call the factory for advice. 

Unit will not go into alarm when it should. 

This is usually the result of incomplete understanding of how the Verbatim 
autodialer manages alarms. 

For the Verbatim autodialer to go into Unacknowledged Alarm and Dial Out, a 
violation must be continuously present for the Alarm Trip Delay time. At least 
one phone number must be programmed. The unit must not be in the DIS
ARMED state. And, the channel that has the violation must not already be in an 
acknowledged alarm state, since acknowledged alarm status for a given channel 
(including power failure) precludes further activity on that channel until that 
status is cleared. Refer to Section 5, "Using Your Verbatim autodialer," for a 
discussion of how the unit manages alarms. 

To clear the acknowledged alarm status of all channels including power failure, 
starting with the NORMAL light lit, press DISARM/RE-ARM to get the 
flashing DISARMED indication, then press it again to re-arm the unit with all 
acknowledged alarm statuses cleared. Now any violations lasting longer than 
the Alarm Trip Delay will cause unacknowledged alarms and dialing. 

9-2 Verbatim Owner's Manual 

• 

• 



• 

• 

• 

Troubleshooting T1ps 

Unacknowledged alann status is indicated by the corresponding channel 
number flashing. Acknowledged alann status is indicated by the same light 
remaining on continuously without flashing. 

If you don't observe this, press PROGRAM and then press 7 0 1 ENTER to 
check your first phone number. Press 9 0 2 to check the Global (overall) Alann 
Trip Delay. For the specific channel ZZ (2 digits) that you are attempting to 
create an alann on, also press 6 ZZ to check for any longer Individual Alann 
Trip Delay setting. 

Check the Nonnally Open/Nonnally Closed alann criteria programming for this 
channel by pressing 5 ZZ. Make sure it is not set for No Alam1 or for Run Time 
Meter, since these settings would not allow an alann. Now, for example, if the 
channel is configured Nonnally Open, you will want to temporarily provide a 
Closed Circuit at its input to trip the alann. You can directly read and verify the 
Open/Closed status you are applying by pressing 0 ZZ 0. You may also use a 
DC voltmeter to trace your circuit connections. With the Verbatim autodialer 
turned on, an Open Circuit to a channel contact input reads 5 volts DC with 
respect to the "C" terminals or electrical ground. A Closed Circuit reads zero 
volts. 

Unit keeps calling when it should not. 

Be sure that the initial alann call is in fact being acknowledged. The unit will 
specifically state "alann is acknowledged" at the moment you successfully 
acknowledge the call. The unit will accept a tone acknowledge only following 
the prompting warble beep. 

Also, be sure that the alann violation has been corrected. Otherwise, even if the 
alann is acknowledged, when the Alann Reset period times out, dialing will 
begin again. 

Write down exactly what the unit recites when it gives the unwanted call. This 
provides valuable guidance as to the cause and correction of the problem. You 
may need to lengthen the Alann Trip Delay in order to minimize nuisance 
alanns, particularly the power failure Alann Trip Delay (code 920). Jfyou hear 
an alann message with the phrase "now nonnal" added at the end, it means that 
the violation occurred long enough to trip the alann but has returned to nonnal 
by the time you are hearing the report. In the case of power failure, ifthe power 
has been restored by the time the message is being heard, the message will be 
"Power is on". The fact that power is mentioned at all lets you know that there 
has been a power failure lasting longer than the power failure Alann Trip 
Delay. Power will continue to be mentioned in any phone call or front panel 
status check, until the Alann Reset time expires . 
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Troubleshooting Tips 

Unit is continuously "locked" in on state, or is behaving 
erratically. 

Environmental factors such as lightning or power surges may have caused 
program lockup. With the unit turned on, use a screwdriver blade to momen
tarily connect the two pins on Jumper Block JB5 (see diagram Appendix H, p. 
H-26). 

If this does not return the unit to normal operation, next try jumping the 2 pins 
on JB3. This latter step will erase all user programming and recorded messages, 
so all user programming and messages will need to be re-entered. 

Phone Support Procedures 
Make sure you have the following before you call: 

• Serial#: Found inside front panel. If you are not at the unit, call the unit 
up and enter program code 968. This will give you a number that our 
Customer Support Department can reference. 

• Note the unit's symptoms: Exact speech pattern, what it is saying, if it is 
calling or not. The more specific and accurate you are in describing the 
symptoms, the quicker the Customer Support Department will be able to 

•• 

diagnose and troubleshoot the problem. In many cases, it may save a • 
return to the factory. 

THEN call 1-800-449-4539 for Customer Support. 

If the Customer Support determines that the unit needs to be sent to the factory 
for repair, you will be given a Return Materials Authorization (RMA) number. 

Returning Parts to Factory 
Pack all parts well! To avoid extra charges, return any removed chips card 
guides or daughter boards to the factory at the address below: 

Remember to: 

RACO Manufacturing and Engineering Co. 
1400 62nd Street 

Emeryville, CA 94608 

• Put return address on package. 

• Include a packing slip. 

• Have serial # and RMA # handy when you call in for tracking. 
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Verbatim Series SFP Autodialer 
The following is an instruction supplement for the Verbatim Series SFP 
autodialer. This supplement describes differences between the Verbatim Series 
SFP, and the Series VSS. 

The Series SFP is a modified Verbatim autodialer which omits the front panel 
keypad and some of the front panel LED indicators. The primary practical 
difference between the two models is that the programming for the Series SFP 
must be done over the phone, whereas programming for the Series VSS may be 
done over the phone or at the front panel. 

The enclosed diagram of the front panel of the Series SFP (p. A-2) replaces the 
Series VSS diagram on page 2-5 of this manual. A supplemental diagram ofthe 
inside view of the front door panel (p. A-3) is also enclosed, showing the 
location ofthe ON/OFF switch. 

The practical differences to consider in programming and using the Series SFP 
are explained below . 

Programming the Series SFP from a 
Remote Telephone 
All programming of the Series SFP Verbatim autodialer is done from a remote 
Touch Tone telephone. This method of programming the product is described 
in Section 5.7 ofthis manual, and it is also more briefly referred to at other 
places in the manual such as Sections 4.2 and 4.3. With the Series SFP, this is 
the sole applicable means of programming. Therefore an "advance" 
description of over-the-phone programming follows. 

When you call the Verbatim from any Touch Tone telephone, it will answer and 
begin reciting its message. At the end of each round of messages, you will hear 
a warble tone. If you press a command tone "1" immediately following this 
tone, you will the Verbatim autodialer will then be in Program Mode, and you 
will be prompted to enter a program code. 

A chart listing the program codes is located in Section 6.1 of this manual. This 
section also includes some guidelines for using the program codes, and a more 
complete description of the programmable items is located in Section 6.2. 

Program code entries generally consist of three digits, which may or may not be 
followed by additional followup values, before you complete the entry by 
pressing the # key twice. You will hear a spoken confirmation of each 
numerical tone digit as you issue it. There is no spoken response to the # or * 
key. 
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Verbatim Series SFP Autodialer 

Verbatim Series SFP Front Panel Diagram 

e e r--------1 MICROPHONE 
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Remote Alarm Dialing Monitor 
with Solid State Message Recording 
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ALARM 
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PHONING 

• • • 
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0 
DISARMED 
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~SPEAKER 

* A discharged battery may take up to a day to fully charge. ** During AC power failure, all illuminated LED's will 
Meanwhile, light may remain on. flash to conserve battery power. 
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Verbatim Series SFP Autodialer 

0 

0 
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0 

0 

Verbatim Series SFP Inside Front Panel ON/OFF Switch 

<-ON 
c <-OFF 

Inside view of front panel, showing ON/OFF switch 
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A.2.1 

Verbatim Series SFP Autodialer 

/ Note: 

The procedure of pressing the # key twice, is to be used in relation to all 
references throughout this manual to the term, "ENTER." 

In general, if you enter just the three tone digits followed by##, you will hear 
the present setting or value for that program item. If you include additional 
values before the # #, the new value will replace the existing setting or value. 
In either case, the voice report will provide confirmation of the updated 
program setting or value. 

Sometimes there is need to include a decimal point or a minus as part of a value 
entry. Also, if you make a mistake as you are issuing tone digits, you will want 
to cancel the entry. The conventions for these functions are as follows: 

CANCEL * * 
ENTER ## 

POINT * 
MINUS # 

To end a phone call after programming, press## without any prior tone digit. 
The Verbatim autodialer will then issue a prompting warble tone which is an 
opportunity to re-enter a "1 11 if you did not really want to end the call. It will 
then say, "Goodbye," and end the call. 

Refer to Section 5. 7 for a description of the other command tones that may be 
used in place of the "1 11 for special purposes. 

Programming and Testing 
The following sections provide a sequential reference to this manual regarding 
the relevant differences and similarities in instructions for the Verbatim Series 
SFP. 

Resetting {Clearing) the Unit 

Caution: 

The following step erases all user programming including recorded messages 
so normally it is done only at initial setup. 
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A.2.2 

A.2.3 

A.2.4 • 

A.3 

• 

Verbatim Series SFP Autodialer 

Tum the unit on if it is not already on, via the switch at the rear of the front 
panel door. From a touch tone telephone, place a call to the phone number of 
the unit, and at the sound of the warble tone, issue a command tone "1" as 
described above. 

To clear the system of all programming, in program mode as described above, 
ISSUe: 

9 3 5 9 # # 

As always, if you make an error in issuing tone digits, press * CANCEL and 
start again. 

Programming Phone Numbers 
Essentially the same as Section 3.2 in this manual. 

Programming Input Channels 
Essentially the same as Section 3.3 in this manual. 

Initial Testing 
Temporarily place all input signal sources into their alarm state, long enough to 
satisfy the alarm trip delay. The unit will begin dialing the first phone number, 
perhaps before you have managed to get all the inputs into an alarm indication 
state. You should hear the a dial tone and then the sound of ringing, and then 
the sound of someone answering the call. Testing consists in verifying that the 
call is actually received at the first phone number, and that all the alarm 
messages are recited. 

Your Verbatim Series SFP autodialer is now able to operate, having at least one 
dialout phone number programmed, and having its input channels configured. 
However, you may wish to record your own voice messages (Section 4) or 
perform special advanced programming items (Section 6) before referring to 
Section 5 on using your programmed Verbatim Autodialer. 

Recording Messages 
In Your Own Voice 
Essentially the same as Section 4 in the Owner's Manual, but following the 
guidelines for over-the-phone programming and recording . 
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A.4 

A.S 

Verbatim Series SFP Autodialer 

Using Your Programmed 
Verbatim Autodialer 

Section 5. 7 is largely replaced by the discussion in Section 4 regarding over
the-phone programming, except for discussion of the alternative command 
codes \\ 2 1 II \\ 3 1 II \\ 4 I II and \\ 0 • II 

Disregard Section 5.8. 

Remainder of the Manual 
All other descriptions in this manual may be followed and applied to the SFP 
with no practicallimitiations. 

/ Note: 

The lack of front panel programming has specific impact on some minor 
aspects of specific programming items, as follows: 

A-6 

• CODE 910: 

SECURITY ACCESS CODE No Security Access Code may be 
programmed since this could only be programmed from the front 
panel keyboard. 

+ When a delay between dialing digits is needed (as for pager 
applications), it will only be possible to insert one delay period, 
since this is done over the phone by pressing the# key, and if this 
were pressed more than once in succession it would be interpreted 
as a Cancel Entry command. Therefore to get the length of delay 
desired, use 9 2 8 to extend the duration of the single delay from 
its default value of one second, to whatever value is needed. 

+ CODE 926: 

EXIT DELAY FUNCTION The Exit Delay function is not 
applicable in the absence of the front panel keyboard. 

+ The Speakerphone/Dialout function is not applicable in the 
absence of the front panel keyboard. 

+ There is no Parallel Printer Output. 
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Verbatim Series SFP Autodialer 

• The speaker and microphone are present. However the 
microphone is limited to the function of optionally "listening in" 
since voice recording must be done via remote telephone. 

+ The On/Off function is controlled via the slide switch inside the 
front panel door. See diagram on page A-3 . 

Enhanced Telephone 
Interface Features 
The manual Section entitled, "Enhanced Telephone Interface Features," is 
generally applicable except that there is no front panel indication for telephone 
line failure . 
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8.1 

• 
8.1.1 

• 

Analog Signal Input 

Analog Connections 
Refer to the diagram (page B-10) showing the VAN analog boards for 
connection of analog inputs. Be sure you follow the indicated positive and 
negative polarity indications, except in the case ofTS705 temperature sensor 
inputs, for which positive and negative polarity does not matter. Two signal 
wires are required for each input. The terminal blocks can be unplugged for 
convenience. Because of the space constraints, it is best to use small gauge 
wire like telephone wire. If bulkier wire is needed outside the dialer, it is best 
to install a terminal strip outside the dialer to make the transition from the 
bulkier wire to the more compact wiring going into the analog input connection 
points. 

Note: 
Take care to route the incoming signal wires to one side of the enclosure or 
the other so that they do not interfere with the front panel circuit board when 
the unit's door is closed. Also, try to route the analog signal wires away from 
power wiring to minimize noise pickup. 

Programming for Analog Channels 
Each analog input will need to be programmed to specify: 

I. The analog Input Signal Type (if other than standard 4-20 rna input). 

2. The numerical value to be spoken at a corresponding minimum signal 
level. 

3. The numerical value to be spoken at a corresponding maximum signal 
level. Items 2 and 3 amount to programming the translating scaling 
factors for each analog input. 

4. In many cases you will also want to program high and low setpoint limits 
for each analog input. 

5. You may also elect to replace the generic default voice message with your 
own recorded messages for any analog channel, as described in section 4 . 
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8.1.2 

8.1.3 

Analog Signal Input 

Assignment of Input Channel Numbers 
The unit automatically assigns the lowest channel numbers to whatever number 
of contact input channels exist on the unit (whether or not you are using them) 
and the analog channels are assigned channel numbers beginning with the next 
available number. 

For example, the first analog input on a unit with 24 contact inputs and I6 
analog inputs would be "channel 25" and the last analog input would be 
"channel40". Note that since the unit's maximum LED display capacity is a 
total of 32 channels, on such a unit the final 8 analog channels would not have 
corresponding LED status indicators on the front panel. Further, note that on 
units with remote channels, the LED display may group inputs into a single 
indicator. 

It is important that you have correctly determined the channel number assigned 
for each analog input channel before performing the following programming 
steps. 

Programming the Input Signal Type 
(You may skip this step if you are using 4-20 rna inputs). 

• 

The analog inputs are very flexible and can accommodate a variety of Input • 
Signal Types, but the unit needs to know which type each input is being used 
for a given analog input. Note that in addition to programming the Input Signal 
Type, the physical component configurations on the VAN plug-in circuit card 
must match the Signal Type used. Normally this will have been handled in the 
process of ordering the unit and will not require additional user attention. If 
there is any doubt about this, refer to the markings on the rear of the VAN 
circuit board. If there is still any question, refer to the markings you find and 
also your unit's serial number, when contacting the factory. 

+ To program the Input Signal Type for input channel ZZ: 
5 ZZ 7 N ENTER 

B-2 

where ZZ is the two-digit channel number, and N is a single digit as 
follows: 

0 for a 4-to-20 milliamp current loop input. This is the default 
setting, so if your inputs are 4-20 milliamp current loops, you may 
skip this step. 

for 0 to I volt DC signal input. In the case of larger signal levels, 
such as 0 to I 0 volts DC, the hardware input circuitry on the VAN 
card will have been factory configured to pre-scale the signal to a 
range within 0 to 1 volt DC, and corresponding special scaling 
information will be provided to fit the particular application. 
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Analog Signal Input 

2 for a Raco Temperature Sensor input (sensor model TS705A), 
used to measure temperatures from -20 to + 120 degrees F. 

3 for additional types of special custom-specified signals. 

Summary of Codes for Input Signal Type 
0 (default) 4-20 rna current loop 

1 0-1 volt DC 
2 Raco temperature sensor 
3 Other special inputs 

Programming the Scaling and Offset Factors 
This set of steps is not necessary for inputs using a Raco Temperature Sensor, 
since these values will be automatically inserted if the parameter 2 is selected in 
the above step. 

In the above step, accepting the default parameter of 0 for 4-20 milliamp inputs 
automatically provides for a spoken reading ofO.O percent for the minimum (4 
rna) signal input value, and 100.0 percent for the maximum (20 rna) signal, until 
you enter different factors . 

In most cases, you will want to program the unit to give spoken reports in terms 
of the actual physical variables being monitored, such as water level in feet, etc. 
In general, you will need to determine the desired spoken numerical values 
corresponding to two widely separated (low end and high end) signal input 
values. Often this will be available from the overall system specifications. In 
other cases, this will be determined (or revised) based on actual on-the-spot 
observations. The Verbatim Autodialer offers the unique option of entering this 
scaling information based either on your particular system specifications (the 
System Specification method) or else on your real world observations (the Real 
World Method). Also, scaling information which you may have originally 
entered based on your system specifications may later be easily "fine tuned" 
based on real world observation. 

In addition, you may wish to record your own identifying message to replace 
the default message, as described in the message recording section of the 
manual. 
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8.1.5 

Analog Signal Input 

Additional Perspective on Scaling Factors 
Analog Math 

It may be useful, in comprehending the process of establishing the scaling 
factors, to visualize a graph which relates the water level in a tank to the input 
from a 4-20 rna transducer. To establish the relationship on such a graph, it is 
necessary to define two separate points, or coordinate pairs ideally at two 
widely separated points on the graph. For such a linear relationship any point on 
the "reading" (Y) may be calculated from the formula: 

y=mx+b 

50 ---------

10 

0 4 8 12 16 20 mA 

where m is the gain and b is the zero crossing point or Input (rna -> offset. 
The gain may be calculated from: m=(y2-yl)/x2-xl) 

where x1, y 1 is one coordinate pair on the graph and x2, y2 is the other. 

Therefore, when you have chosen to enter non-default coordinates you are in 
fact setting the gain factor. This gain factor is taken along with the input signal 
type you have chosen which will define both the gain and offset. 

Notice that each of the two points requires two separate coordinate pieces of 
information to define: the signal level and the corresponding water level. With 
two such points defined, an entire line or linear equation is defined, so that 
given any new signal level, we could use the graph to "look up" the 
corresponding water level. In operation, the Verbatim autodialer measures the 
signal level presented to it, and then calculates the corresponding physical 
value, all based on the line or linear equation defined by your entry of the high 
end and low end scaling information whether done by the System Specification 
Method or the Real World Method. 
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Analog Signal Input 

Be sure that the correct Input Signal Type setting is entered as described above, 
because changing the Signal Type setting will overwrite the programming 
described next. 

System Specification Method of Programming Scaling 
Factors 

The following four codes must be entered to invoke scaling: 
+ For the low-end portion of the data for channel ZZ, enter the following 

pair of codes: 

5 ZZ 1 X.XXXX ENTER 

where X.XXXX is the low input signal value chosen, within the bounds of 
input signal type. 

5 ZZ 2 YYYY.YYYY ENTER 

where YYYY.YYYY is the desired spoken numerical value 

+ Then to complete the scaling factors for this channel, enter the following 
pair of codes for the high-end portion of the data: 

5 ZZ 3 X.XXXX ENTER 

or 

5 ZZ 3 POINT ENTER 

for the high-end signal value 

5 ZZ 4 YYYY.YYYY 

for the high-end corresponding spoken value 

/ Note: 

For all analog value entries you may enter up to four digits before an optional 
decimal point, and up to four digits after, but simple entries (such as -20, 3.45, 
500, 4, etc.) work as well. 

Alternative Real World Method of Programming Scaling 
Factors 

If the system specifications for the scaling factors are not known, or if you wish 
to adjust a previous entry to reflect real-world as opposed to system 
specification conditions, wait until the input signal or the physical variable 
happens to be near the low end of the scale. Enter the following pair of codes: 

5 ZZ 1 POINT ENTER 
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Analog Signal Input 

which will automatically accept the present moment signal value as the low 
input signal value, rather than having to enter the value shown as X.XXXX 
above. Then, enter: 

5 ZZ 2 YYYY.YYYY ENTER 

where YYYY.YYYY is the corresponding low-end physical value which 
you observe in real-world terms. 

At another time, when the signal or physical variable is toward the high end of 
the scale, enter the following pair of codes: 

5 ZZ 3 POINT ENTER 

which accepts the present signal level as corresponding to the high-end physical 
value which you enter as: 

5 ZZ 4 YYYY.YYYY ENTER 

Example: 

It may already be known from your system's specification that for channel 6, a 
low-end signal of 4 milliamps corresponds to a desired spoken value of 34.5 
feet of tank water level. In such a case, you would use the System 
Specifications Method to enter: 

• for 4 milliamps 

5 06 1 4 ENTER 

• for a spoken reading of 20.5 

5 06 2 20.5 ENTER 

• for 20 milliamps 

5 06 3 20 ENTER 

• for a spoken reading of 34.6 

5 06 4 34.6 ENTER 

Then, suppose with the system in operation, you observe that the tank level is 
31.7 feet, but the Verbatim reports a value of 31.45 feet. The discrepancy will 
most likely be due to a discrepancy of the sensor's actual output versus the 
theoretical system specification. Regardless, to correct for it, keeping in mind 
that the signal is presently near the high end of the scale, you would use the 
Real-World Method, entering: 

+ To reference the present signal level 

5 06 3 POINT ENTER 

+ To recalibrate 31.7 as the corresponding spoken value 

5 06 4 31.7 ENTER 
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Analog Signal Input 

Continue the example, there might also be a discrepancy toward the low end of 
the scale. Suppose on another day you observe a tank level of 22.5 feet but the 
Verbatim report 2293 feet. Since this signal is at the low end of the range, you 
would enter: 

5 06 1 POINT ENTER 

and 

5 06 2 22.5 ENTER 

/ Note: 

These Real-World Method adjustments did not require you to measure any 
actual signal levels! 

From that time on, assuming that the sensor maintains its calibration and has a 
linear output, the spoken value should track the actual value very closely. The 
Verbatim itself is much more accurate and consistent than almost any sensor 
available to connect to it. Note that the signal does not need to be exactly at the 
end of its range (e.g. 4 rna or 20 rna) for these programming steps. However, in 
general the wider the spread between the signal levels used, the better informed 
the Verbatim will be to reflect the actual relationship between the sensor's 
output and the real value being measured . 

/ Note: 
While the unit reports with very high accuracy and resolution, you do not 
need to enter your programming value to the same high degree of accuracy 
unless you choose to. 

For TS705 Temperature Sensor Inputs 

Selecting signal type "2" (TS705 sensor) will automatically load scaling factors 
as describe earlier. However, these automatically loaded scaling factors are not 
adjustable. If you want to be able to do Real World calibration adjustments for 
temperature sensor inputs, then instead of selecting sensor type "2", select 
sensor type "1" (0-1 VDC input) and enter scaling factors as follows: 

5 zz 7 1 ENTER (Selects signal type 1) 

5 zz 1 .843 ENTER 

5 zz 2 -19.8 ENTER 

5 zz 3 .316 ENTER 

5 zz 4 120.1 ENTER 
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8.1.6 

Analog Signal Input 

This gives the same scaling factors as would othetwise automatically result 
from selecting signal type 2, but it allows for subsequent adjustments using the 
Real-World adjustment method. 

Programming High and Low Analog Setpoints 
You should first enter the gain, offset and scaling factor programming described 
above before entering setpoints. Later, ifyou adjust the factors as described 
above, you may also need to adjust the setpoints correspondingly. Changing 
setpoint values after scaling is set could cause changes in the scaling values. 

+ To program a low limit setpoint for channel ZZ, use code: 

5 ZZ 5 X.XX ENTER 

/ Note: 
X.XX is the desired setpoint in terms of spoken units, rather than in terms of 
the signal value. You do not need to enter all four possible leading and trailing 
digits. Simple entries like 7 and 3.68 work as well. 

+ To program a high limit setpoint for channel ZZ, use code: 

5 ZZ 6 X.XX ENTER 

Thereafter, whenever the measured value exceeds the setpoint for a continuous • 
period exceeding the alarm trip delay, the unit will go into unacknowledged 
alarm and begin dialing to report the specific violation, also reporting the 
current measured value. As with contact inputs, if the input is no longer in 
violation at the moment of the report, the phrase "Now Normal" will be 
appended to that channel's report. 

+ To check an existing setpoint value, use the above codes but omit the 
value (X.XX). 

+ To tum off(completely disable) an unused analog channel so that it will 
not be included in status report, enter code: 

5 ZZ 0 ENTER 

where ZZ is the 2-digit channel number. 

+ To tum the channel on again, you must enter some high or low setpoint 
value for that channel. 

+ To tum off(disable) a high or low analog setpoint, while still leaving the 
channel able to report readings, enter a setpoint value of -0 for that 
particular setpoint. If you try to enter a setpoint value outside a wide 
signal range, the Verbatim will say "Error in number." 
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Analog Signal Input 

/ Note 

The scanning time required by the unit to check all analog readings against 
established setpoints increases with the number analog channels. With 16 
channels, the time can total on the order of one second, and this imposes a 
limit on how fast the unit can detect analog setpoint violations. Normally, this 
will not be noticed unless you set Alarm Trip Delays of less than two seconds, 
and there is no effect on the trip delay for contact channels in any case. 

Refer to the following section for recording the corresponding voice messages 
other than the spoken numerical values. 

Summary of Analog Programming Codes 
Code Description 
Signal Type: 
5 ZZ 7N Select input signal type. 0 is default for 4-20 rna 

Scaling: 
5 ZZ I X.XX or POINT Low end signal value 

5 ZZ 2 YYYY. YYYY Corresponding low end spoken value 
5 ZZ 3 X.XX or POINT High end signal value 

5 ZZ 4 YYYY.YYYY Corresponding high end spoken value 

Setpoints: 
5 zz 5 x.xx Low alarm limit setpoint 

5 ZZ6X.XX High alarm limit setpoint 

5 zz 5(6) -0 Disable low (high) setpoint 
Disable Channel: 
5 zzo Turn off(disable) channel ZZ 

Recording Speech Messages for Analog Channels 
This information supplements the basic information in the manual on recording 
speech messages. Refer to that information before attempting to record any 
speech messages. 

For analog input channels, the default message is "The present channel N 
reading is ... " 

For any analog inputs, in place of the default messages you may plan to record 
a preamble message of the general form "The total water flow in gallons is" or 
"the main tank water level in feet is." 

Use program code 1 ZZ to record the analog preamble message . 
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If Analog Inputs Do Not Work Correctly 
Recheck programming settings, especially the Input Signal Type setting. Verify 
that the polarity of your input connections is correct. 

In the case of 4-20 rna input, does the spoken value always reflect a 0 rna signal 
level? If so, the problem is presumably with the connection or the signal source. 
Use a DC meter to verify that both sides of the offending input are within 1 0 
VDC of ground. A 4-20 rna current loop input should give a meter reading of 
about .07 volt per milliamp of current as measured across the two signal input 
terminals. 

Are other instruments included in the same current loop? If they read correctly, 
temporarily disconnect the input to the Verbatim Autodialer. This should throw 
the readings of the instruments off scale. If there is no such effect, your wiring 
is not including the Verbatim autodialer in the loop. Verify that the type of 
signal source agrees with the physical configuration on the VAN card according 
to the marking on the back of the card. 

Troubleshooting Analog Grounding Problems for 
Verbatim Analog 
The most common analog signal type in use in the Verbatim marketplace is 
current loops, wherein the signal is a controlled DC current ranging from 4 to 
20 milliamperes. 

The loop consists of a current transmitter (consisting of a transducer and a 
supporting power supply which may or may not be packaged into one unit), and 
one or more receiving devices which measure and respond to the current signal 
they detect on the loop. The power supply voltage is typically 24 volts DC. 

The terms "transducer" and "transmitter" are used interchangeably. The 
transmitter's job is to ensure that the current level accurately reflects the 
physical parameter which the transducer is measuring (typically a pressure or 
liquid level), regardless of what impedance it sees in the loop. 

In order to do this, it presents whatever voltage across its terminals is needed to 
achieve the correct current flow. This voltage must be great enough to 
accommodate the total resistance in the loop. The typical resistance 
contribution presented by each receiving device is 250 ohms. However, the DC 
resistance presented by the Verbatim analog inputs is around 70 ohms (49.9 
ohm precision resistor plus two 10 ohm surge standoff resistors). 

In theory, all elements in the loop are isolated from any connection to electrical 
ground. This is intended to eliminate concerns about errors in the signal caused 
by conflicting ground or other conflicting connections . 
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Analog Signal Input 

In practice it is not unusual to have some element of the loop in fact tied to 
ground or to some other voltage source away from ground -- or if not directly 
tied, at least limited in its ability to depart from the ground or other voltage. As 
long as only one element in the loop is so committed, there is no problem since 
the other elements can freely accommodate as needed. 

The Verbatim has its own limitations in this respect. It can only accommodate 
a departure from ground voltage potential, of 8 volts nominal, before its 
protective tranzorbs begin to conduct and clamp the signal. Such clamping 
when in direct conflict with some other voltage commitment in the loop, will 
not only cause incorrect readings by the Verbatim, but also cause the other 
elements in the loop to read and respond incorrectly. 

This ability to accommodate departures of both sides (positive and negative) or 
the analog signal input, is called the common mode input voltage range. A truly 
isolated input would have as much common mode input voltage range as the 
voltage limitation of the isolation, typically over I ,000 volts. 

The reason we do not provide isolated inputs is because it is bulky, and 
expensive to achieve accurate translation across the isolation barrier. Also, 
these days there has been a large shift to transformer and capacitive coupling 
schemes to achieve DC isolation, but these provide almost zero protection 
against the fast rise time transients induced by lightning. So, we need to be able • 
to troubleshoot when a customer places one of our analog inputs into a current 
loop where there is another conflicting voltage commitment. 

When this problem occurs, the customer will typically report that his loop 
works but is thrown off when our analog input is placed in the loop. Sometimes 
the disturbance takes the form of not just altering the DC current but causing 
parasitic oscillations in the loop. It may not be easily discernible whether the 
disturbance is or is not taking the form of a parasitic oscillation. Regardless, 
temporarily ungrounding the dialer or unplugging the analog card, will usually 
eliminate the disturbance. 

The procedure for troubleshooting and correction of this problem is general1y as 
follows: First we need to find out as much as we can about any preexisting, 
conflicting voltage commitments. To do this, have the customer unplug the 
card or unground the dialer so that the loop is not disturbed, and then use a 
voltmeter to check both the AC and the DC voltage readings at each node 
around the loop, with respect to electrical ground. 

We hope there is not much AC signal present. If there is a strong enough AC 
component on top of the DC voltages, there will be disturbance to the extent 
that the peak level in the AC waveform exceeds the common mode input 
limitation of our analog input. In such a case the cause of the AC component of 
the signal needs to be found and eliminated, if the following procedure does not 
lead to a good result. • 
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Analog Signal Input 

However, it is possible and even likely, that an observed AC signal is merely a 
"softly" induced hum that holds no sway when it meets any clamping 
introduced by our analog input. With this in mind, it may be best to defer even 
taking AC reading until after the DC oriented methods have proven 
unsuccessful. 

With the main focus being the DC voltage readings, we are looking at some 
point on the loop that is much less than eight volts DC away from ground, and 
that is where the Verbatim input should be relocated in the loop. Chances are 
good that the Verbatim had previously been placed at a point on the loop well 
away from ground potential and that the relocation will end the problem. 

An added step that may be useful in addition to the two sets of voltage readings 
(AC and DC), especially if the voltage readings seem to be erratic, is to have the 
customer use a jumper wire to temporarily connect some candidate point in the 
loop to electrical ground, and observe whether the loop is disturbed by this 
temporary grounding. If it is not, that is a good place to locate our input in the 
loop. In fact, this approach can be used without taking voltage readings at all. 
But if it does not work, then we do want the voltage readings in order to best 
understand what is going on. 

Occasionally, something in the loop will cause there to be no available point in 
the loop that is close to ground potential. In such cases, if this cannot be 
changed, then the customer will need to install an optical isolator between the 
loop and our inputs. The customer may be referred to: Action Instruments, 
San Diego, CA, (619) 279-5726. Isolators cost $300 per loop . 
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c Remote Supervisory Control Output 

C.1 Remote Supervisory Control (VRSC) 
Output Installation and Operation 
Instructions 

C.1.1 

This option allows you to tum connected equipment on and off from any remote 
Touch Tone telephone, or from an non-Touch Tone telephone with the use of a 
portable tone generator. Option VRSC-4 provides 4 outputs, VRSC-8 provides 
8 outputs. The unit's voice guides and confirms your operations. Advanced 
features such as programmable length momentary activations are included. 
Control operations may also be performed from the unit's keyboard. 

Connections are normally made by means of optically isolated solid state relays 
housed in a separate Output Relay Enclosure which requires its own 120 VAC 
power connection. In some situations, the user may choose to make 
connections directly to the transition outputs within the main unit. 

If your unit was not originally equipped with this option, refer to the separate 
instructions for adding this option. 

Mounting and Wiring Connections for Remote 
Supervisor Control 
If you are using the separate Output Relay Enclosure normally supplied with 
this option, mount the enclosure within 3 feet of the Verbatim Autodialer, and 
make your output connections to the left hand row of terminal strip points 
within the separate enclosure, as shown in the diagram of the VRSC Output 
Relay Enclosure. Be sure that the correct type of plug-in Opto 22 relays are in 
place. The available types are: 

Type Value 
OAC5 12 to 140 VAC, 2 amps 
OAC5A 24 to 280 V AC, 2 amps 
OAC5A5 120/240 volt AC, Normally Closed 
ODC5 5 to 60 VDC, 2 amps 
ODC5A 5 to 200 VDC, 2 amps 
ORR5 Reed relay dry contact output 
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Remote Supervisory Control Output 

Unless ordered otherwise, type OAC5 is normally provided from the factory. 
Connect 120 V AC power as shown on this same diagram. Route modular 
"Cable A" through one of the entrance holes on the bottom of the Verbatim 
Autodialer, and plug it into 1301 (the right-hand jack on the VCP circuit card, 
see diagram). The 8-output VRSC-8 option also includes a second modular 
"Cable B", connect this to the adjacent jack 1302 on the VCP circuit card. 
A void routing these cables alongside power wiring and route them so that the 
front panel circuit board does not pinch them when the door is closed. 

Optional Direct Connection Without Use of Output 
Relay Enclosure 
The outputs on the VCP circuit card are NPN transistor open collectors capable 
of switching up to 12 volts DC at up to 500 rna, and thus these outputs may in 
some cases be connected directly to logic inputs of logic controllers, etc, 
although external pullup resistors may be required. Consult Raco for details. 
The color codes for VRSC cables "A" and "B" are: 

Cable Color Code 
Cable A 
Common Return Black 
Output# 1 Red 
Output# 2 Green 
Output# 3 Yellow 
Output# 4 Blue 
Cable B 
Output# 5 Red 
Output # 6 Green 
Output # 7 B I ue 
Output # 8 Yellow 

Remote Supervisory Control Operation 
+ To check the on/off status of output# N, use program code 

9 5 N ENTER 

where N is a 2 DIGIT output number (e.g. 01 for output# 1). 

+ To turn output# NON, use program code 

9 5 N 1 ENTER 

+ To tum output# N OFF, use program code 

9 5 N 0 ENTER 
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Remote Supervisory Control Output 

+ To tum output# Non for a specific number of seconds, use code 

9 5 N 2 XXXXX ENTER 

where XXXXX is the desired number of seconds, from 1 to 99999. 

+ To turn output # N off for a speci fie number of seconds, use code 

9 5 N 3 XXXXX ENTER 

where XXXXX is the desired number of seconds, from 1 to 99999. 

+ To establish a default pulse time duration in seconds for a given output N 
(2 digits), use code 

9 5 N 9 XXXXX ENTER 

where XXXXX is 1 to 99999 seconds. 

+ Alternatively, to establish a default pulse time duration in minutes, for 
individual output N (2 digits), use code 

9 5 N 8 XXXX ENTER 

where XXXX is 1 to 1666 minutes. 

Then you may use code 9 5 N 2 (or 3) without need to enter the digits. 
The unit will use the pre-stored value for that output's pulse length. 

+ To hear a report of the on/off status of ALL outputs in one operation, use 
program code 

9 5 0 0 ENTER 

+ To tum ALL outputs OFF in one operation, use code 

9 5 0 0 0 ENTER 

+ To turn ALL outputs ON in one operation, use code 

9 5 0 0 1 ENTER 

+ To establish a default pulse time duration for ALL outputs in one 
operation, use code 

9 5 0 0 8 XXXX (XXXX = 1 to 1666 minutes) 

or 

9 5 0 0 9 XXXXX (XXXXX = 1 to 99999 seconds) 
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Remote Supervisory Control Output 

Warning: 

Because the devices under control would not normally be operational during 
AC power failures, the Output Relay Enclosure does not include battery 
backup for the output relays during AC power failures. Upon restoration of 
AC power, the outputs will return to the state dictated by the Verbatim 
Autodialer. 

When the Verbatim Autodialer itself is first turned on, and at certain other 
times when a microprocessor reset occurs, all the outputs will be turned ON 
for a fraction of a second, before assuming the state dictated by the Verbatim 
Autodialer. In some installations this could cause problems, and in such cases 
external time delay relays or other measures may be required to prevent 
unwanted momentary activation of controlled devices. 

MM are the minutes (09 for 9 minutes) 

SS are the seconds. Entry of SS is optional. 

+ To clear the time and date back to 00:00:00 on 01101189. 

935 7 ENTER 
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Printer Options 

Local Data Logger (Local Printer) Option 
If your unit was not originally equipped with this option, refer to the separate 
instructions for installing this option. (See Section 2.3 for LDL parrallel). The 
local printer will automatically print out each activity that occurs: alarms, 
acknowledgments, programming entries, inquiry calls, etc.. A time and date 
stamp will be included with each report. The local printer may be either serial 
or parallel as discussed below. 

Serial Printer Interface 
• If your printer was obtained through Raco, it will have been properly 

configured and tested at the factory ... 

• If it was purchased independently, refer to the printer's instruction manual 
to configure it for 9600 baud, 8 data bits, 1 stop bit, and no parity. 

• Improper configuration settings will result in "garbage" being printed, or 
possibly no printing at all. 

• The printer must have a "serial" input. 

• Printers not specified by or purchased through Raco are not guaranteed to 
be compatible for this application. 

• Connect the DB-25 connector end of a Raco SER-0 1 cable (the specific 
type required will depend upon the printer type) to the input connector on 
the back of the printer. 

• Route the small "modular" plug end of this same cable through one of the 
holes at the bottom of the Verbatim Autodialer, and plug it into modular 
jack 1303 located near the left side of the Verbatim Autodialer, on the 
vertical VCP circuit card. 

• A void routing this cable alongside power wiring, and route it so that the 
front panel circuit board does not pinch it when the door is closed. 

Parallel Printer Interface 
Some newer models of the VSS Series autodialer have a standard Parallel 
Printer Interface. This interface is accessed via the parallel printer port located 
on the inside of the unit front panel door. This printer port is already activated. 
(See Section F.3) 
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Printer Options 

+ To activate this port, attach a RACO VPPC-1 Parallel Printer Cable (or • 
equivalent) to the front panel port and to the parallel port on your printer. 

Caution: 
Attach the parallel printer cable to the VSS front panel port with the "red 
striped edge" on the right side. If you connect any other way, you may 
damage the parallel connection on your printer. 

Time and Date Setting 
Time and date may be set or corrected with the following programming code 
entries: 

+ To check the date 

941 ENTER 

+ To set the date 

941 MM DD YY D ENTER 

where: 

MM is the month (03 for March) 
DD is the date (07 for the 7th day of the month) 
YY is the year (89 for 1989) 
Dis the day of the week (1 for Sunday, 2 for Monday, etc.). Entry 
of D is optional. 

+ To check the time 

942 ENTER 

+ To set the time 

942 HH MM SS ENTER 

where: 

HH are the hours in military time (13 for I PM) 

MM are the minutes (09 for 9 minutes) 

SS are the seconds. Entry of SS is optional. 

+ To clear the time and date back to 00:00:00 on 01/01/89. 

935 7 ENTER 

Printout at Regular Intervals 
The unit may also be programmed to automatically log (printout) all input 
conditions at regular intervals, by entering code: 
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Printer Options 

943 XXX.X ENTER 

XXX.X is the desired printing interval in hours, from 0.1 to 999.9. 

The first such printout will occur when the period elapses, rather than 
immediately upon programming. 

+ To check programmed printing interval 

943 ENTER 

+ To turn off regular interval printing function 

943 0 ENTER 

+ To printout All User-Entered Programming 

944 ENTER 
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Data Acquisition/Central Data 
Logging 

The following section describes commands used to configure features of the 
Data Acquisition/Central Data Logging options. The software is called 
SCAD A. 

Return To Normal (RTN) Calling 
You may program the unit to place calls upon an input returning to its normal 
state. This applies only to channels which have become acknowledged alarms. 
Return to Normal (RTN) calls may be placed to people, to a SCADA Central 
Station or to a Central Data Logger (CDL) printer. 

+ There are three modes of calling for RTN calls: 
Mode 0 = Data only 
Mode I = Voice only 
Mode 2 = Data and Voice 

Return-to-normal (RTN) calls on units NOT configured for SCADA or CDL 
will always be mode I, Voice only. RTN calls on SCADA or CDL configured 
units may be mode 0, mode 1 or mode 2. If mode 1 is set on SCADA/CDL 
units then data calls to the SCADA Central Computer or CDL printer will be 
skipped. (See Appendix K for a discussion of the Return-to-Normal modes of 
operation.) 

+ To program Return to Normal Calls, press: 

981 v 
Where V is one of the following: 

• 0 = OFF - No return-to-normal calls will be made (Default is OFF) 

• 1 = ON - Return-to-normal calls will be made for channels in the 
ALARM, ACKNOWLEDGED state whose input returns to normal 
(non-violation). 

• 2 = used to manually reset all return to normal channel status -
does not affect the return-to-normal calling ON/OFF state above or 
the calling modes below. 

• 3 = Sets return-to-normal mode to mode 0 - makes return to 
normal calls only in data mode to the SCADA Central Computer 
or to Central Data Logger Printer Entering this parameter does not 
affect the RTN ON/OFF state . 
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Data Acquisition/Central Data logging 

• 4 = Sets return-to-normal mode to mode I - makes return to 
normal calls only in voice mode (NO data calls to the SCADA 
Central Computer or Central Data Logger Printer. Entering this 
parameter does not affect the R TN ON/OFF state. 

• 5 Sets return-to-normal mode to mode 2 - makes both data and 
voice calls upon return to normal. Entering this parameter does 
not affect the RTN ON/OFF state. 

Quick lntercall Delay & SCADA Units 
Connected to Cellular Phones 
This section discusses two different but sometimes interrelating topics 
regarding SCADA configured autodialer/RTU units. One topic is the different 
ways in which the intercall delay operates in SCADA units. The other is the 
ability to interface SCAD A units over cellular phones. 

Units configured for SCADA operation may place and receive calls via cellular 
telephones instead of standard dial-up telephone lines. If purchased from 
RACO, the combination of autodialer/RTU, dial-up adaptor and cellular 
transceiver is called the CELLULARM'm package. 

• 

CELLULARMtm autodialers/RTUs may be used in cases where land lines are • 
not available but cellular service is available in a particular area. 
CELLULARMnn units function nearly identically to land line based dial-up 
interfaced units . 

••• • Exceptions 
The intercall delay (time between calls) functions somewhat differently on 
SCADA units than on non-SCAD A units. On SCADA units a shortened 
intercall delay takes effect under certain circumstances. These circumstances 
are: 

1) There is a fixed, non-adjustable intercall delay of 35 seconds between: 

a) multiple attempts at data ca1ls to the SCADA Central Computer. 

b) the last personnel (voice) number and "wrapping around" to the data 
number again. 

2) The is also a special adjustable quick intercall delay taken only between the 
progression from data calls to the first personnel (voice) call. 

The quick intercall delay is set to 35 seconds by default. The usual intercall 
delay taken between between one personnel number and the next personnel 
number is 2.0 minutes by default. 
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Data Acquisition/Central Data Logging 

The purpose of the quick intercall delay is for more expedient in transitioning 
from data calls to voice calls. However, in certain cases the quick intercall 
delay may actually interfere with attempts to call the autodialer/RTU for 
acknowledgement. This is especially true for cellular interfaced units. 

Cellular phone calls often take substantially more time to connect to the called 
party. Therefore, on cellular interfaced units you may need to lengthen the 
quick intercall delay to allow a longer time "window" for acknowledgement 
calls from the SCADA Central Computer. 

+ To set the quick intercall time, press: 

919 v 
Where V is 35 to 999 sees. 
Default is 60 sees. 

/ Note: 

Available ONLY on units with firmware revision between V 1.36 to V 1.99. 
Applies only when the autodialer/RTU is advancing to the first voice number. 
Does NOT apply to data call retries, calls between successive voice numbers 
or wrap-around from last voice number to data calls again . 

Acknowledgment Calls To The SCADA 
Central Station 
Units configured for SCADA operation may be programmed to make calls to 
the SCADA Central Computer to report alarms which were acknowledged by 
personnel. Alarm Acknowledgement which occurs during calls to personnel or 
when personnel call the unit will prompt a sequence of Acknowledgement calls 
made to the SCADA Central Computer. The purpose of Acknowledement calls 
is simply to log the event of alarms being acknowledged by personnel. 

+ To program the unit for Acknowledgement Calls, press: 

982 v 
Where V is one of the following: 

• 0= OFF- (Default) 

• I= ON - Make Acknowledgment calls 

• 2= resets all alarm acknowledgement call status -inhibits all 
further attempts for this alarm acknowledgement occurence . 

Verbatim Owner's Manual E-3 



E.4 

Data Acquisition/Central Data Logging 

Modem Automatic Speed Select for 
SCADA units 
Automatic speed selection of 1200 baud or 300 baud may be programmed ON 
or OFF. When programmed ON, the unit will attempt to make data calls at 
1200 baud first. If 1200 baud cannot be automatically negotiated with the 
SCADA Central Computer's modem, fallback to 300 baud will occur. When 
programmed OFF, the modem speed will be determined by the 984 command 
(below) . 

••• • Exception 
In some cases, 1200 baud may not provide reliable data communications due to 
phone line noise, etc. If necessary, use this command to force the unit's modem 
to use one specific speed only. 

+ To program the Automatic Speed Selection, press: 

983 N 

Where N is 1 (ON) or 0 (OFF) 
Default is 1 

Note: 

This command is not applicable to Central Data Logger units. 

E.S Modem High Speed or Low Speed 
Selection 
When the unit is programmed with Automatic Speed Select OFF use this 
command to fix the modem speed at either 1200 or 300 baud. 

+ To program the (non-Automatically selected) Modem Speed, press: 

984 N 

Where N is 1 (1200) or 0 (300) 

/ Note: 
When Automatic Speed Select is set to ON (command 983) this command has 
no effect on modem speed. 
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Data Acquisition/Central Data Logging 

Number of Data Call Attempts Before 
Tripping a Communications Alarm 
The autodialer can make multiple attempts to communicate in data mode to the 
SCADA Central Computer or to the Central Data Logger (CDL) printer. When 
all attempts to establish data communications have failed a Communications 
Failure Alarm will be tripped. If the unit is able to make voice calls (i.e. more 
than just the 1st phone number programmed) the Communications Alarm will 
be announced to personnel along with the usual alarm and status report 
messages. When a calling sequence is ended, for example by alarms getting 
acknowledged, the Communications Alarm is cleared. 

If the Communications Alarm persists and successful data communications to 
the SCADA Computer or CDL printer is eventually established a 
Communications Alarm message will be logged and/or printed. After a 
Communications Alarm is logged and/or printed it will be cleared. 

+ To set the number of attempts before tripping a Communications Failure 
Alarm, press: 

985 N 

Where NisI to 10 
Default is 3 

Note: 

If Automatic Speed Select is set ON the unit will actually make twice the 
programmed number of attempts before tripping a Communications Alarm; N 
attempts at 1200 baud and N attempts at 300 baud. 

Answer Mode- VOICE ONLY or 
DATA-TO-VOICE 
Most calls made to an autodialer/RTU will be polling calls from the SCADA 
Central Computer. By default the autodialer/R TU will be expecting a data call 
and answer with a modem answer tone. This is called DATA-to-VOICE 
answer mode. Personnel wishing to call an autodialer/R TU to get voice reports 
can just wait through the modem answer tone for a few seconds for the unit to 
fall back to voice mode and begin speaking. 

The autodialer/RTU may also be programmed for VOICE ONLY answer mode. 
In VOICE ONLY mode the unit will never answer with a modem answer tone 
and voice annunciation will begin immediately upon answering . 
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Data Acquisition/Central Data Logging 

Programming an autodialer/RTU for VOICE ONLY defeats polling calls from 
the SCADA Central Computer since the unit will only answer by voice and not 
assert a modem answer tone. However, VOICE ONLY answer mode does not 
affect data calls made FROM the RTU to the SCADA Central Computer or 
CDL Printer. 

If your SCAD A Central Computer is not operational you may wish to program 
the answer mode to VOICE ONLY. Customers who purchase the SCADA 
option for their autodialer/R TUs in advance of installing their SCAD A Central 
Computer should use this programming command to make the unit function as a 
non-SCADA networked autodialer. In addition to programming the answer 
mode to VOICE ONLY make sure there is no 1st phone number programmed. 
(The 1st phone number does data only calls to the SCADA Computer.) 

+ To program the Answer Mode, press: 

986 N 

Where N is 0 (default) for DATA-to-VOICE or 1 for VOICE ONLY 

/ Note: 
Does not apply to Central Data Logger (CDL) units. CDL units never receive 
polling calls and always answer in VOICE ONLY mode. The 1st phone number 
must be programmed to call the CDL printer. 

DATANOICE Autocall Calls for SCADA & 
Central Data Logger 
Autocall calls may function substantially the same in SCADA and Central Data 
Logger (CDL) units as in standard, non-SCADA units. However, different 
operating modes of Autocall may be programmed in addition to the usual 
Autocall functionality . 

••• • Exceptions: 
• Autocall calls may be restricted to only calling the SCADA Central 

Computer or CDL printer. Also, Autocall calls may be restricted to calling 
just the personnel numbers programmed into the unit (i.e. no calls to 
SCADA Computer ofCDL printer). And finally, Autocalls may call both 
personnel numbers and SCADA Computer or CDL printer numbers. 

• Autocall calls made to the SCADA Central Computer or CDL printer 
result in logging and printing of the Autocall session. No 
acknowledgement is required or is possible. 

• Autocalls calls made to personnel numbers will be standard voice 
annunciation sessions. 
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+ To program the DATANOICE Autocall mode, press: 

987 N 

Where N is 0 to 2 

• 0 =(default) Autocall Calls made to SCADA Central Station only 

• 1 = Autocall Calls made to personnel numbers only 

• 2 = autocall Calls made to all numbers 
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MODBUS Interface 

This section covers the PLC specific functions of the Verbatim autodialer. It is 
assumed the reader is already familiar with the basic operation of the Verbatim 
autodialer. If this is not the case, please take the time now to review the 
previous sections of this manual. 

In the discussion that follows, there are many technical terms specific to PLC 
operation which may be unfamiliar to those not experienced with PLCs. Please 
refer to the Glossary section for definition of these terms. 

Overview 
The Verbatim autodialer allows direct connection to Programmable Logic 
Controllers (PLCs) via a serial interface or other network connection. No direct 
connections from PLC output points to the Verbatim input points are required in 
order to monitor or annunciate for the PLC. Also, in most cases, no changes in 
the PLC's ladder logic program are required. 

In addition, the autodialer allows connection to any non-PLC equipment 
compatible with supported PLC network protocols. An example of this 
application is a SCADA or DCS system running software configured with a 
PLC network protocol driver module. The autodialer does not care if the 
devices are a real PLC network or a computer mimicking a PLC network. 
However, master/slave protocols will require the autodialer to assume the role 
of master. 

The Verbatim autodialer may read or write any data register within the PLC 
network. The data registers accessed by the autodialer may be in a single PLC 
or may be arbitrarily spread over a number of PLCs on the network. 

Obviously, the number of data table locations in even a single PLC may number 
into the thousands. To relieve the user of having to deal with a huge number of 
precisely notated data table addresses, the autodialer uses the artifice of Remote 
Channels (RCs). Simply stated, RCs are nothing more than a kind of speed-dial 
number like you might set up on your telephone. Once the full number sequence 
has been entered into memory, a shorter sequence of numbers may be used as 
an abbreviation for the long sequence stored in memory. 

Through the Verbatim autodialer, the user associates the address of a PLC data 
register to aRC. Thereafter, the RC becomes a shorthand designation for that 
data register's address. Any register, whether digital, analog, or other 
miscellaneous type, may be associated with an RC . 
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Data registers may actually be spread over a network of PLCs. The autodialer 
does not care if RC #2 is associated with a data register in a different PLC from 
the data register associated with RC #1. Therefore, when programming the 
autodialer to associate a PLC data register with aRC, the node number of the 
PLC may be included in the description for the location of the data register. 

Additionally, the amount of User Recorded Speech Memory is increased appro
priately for each Remote Channel configuration. These different quantities of 
memory yield total message recording times consistent with each of the 
available RC configuration options. 

General Operation 
This section describes configuring the Verbatim autodialer to continuously 
monitor any data register on the PLC network. Additionally, under user 
command, the autodialer may read and write to any PLC data register. The 
autodialer will only perform these functions after it has been properly installed, 
connected to the PLC network, and programmed. 

Associating a Remote Channel with a PLC Data 
Register 
In order for the Verbatim autodialer to read, write or continuously monitor a 
PLC data register the address of the data register must be associated with a 
Remote Channel (RC). After a data register address has been associated with a 
RC the Verbatim autodialer then knows where to direct queries for the contents 
of a data register on the PLC network. 

The data register's complete address description is called the net address. See 
section F.4.2 for information about net address formats. 

Once a data register's net address has been associated with aRC, the alarm 
criteria may then be programmed. Only after an alarm criteria is entered wi11 
the PLC data register be scanned continuously by the Verbatim autodialer. 
When the content of the data register changes to match the alarm criteria, the 
RC associated with the data register goes into the alarm state. 

RCs in the alarm state behave in exactly the same way as Verbatim autodialer 
internal or "physical" channels. 

The Verbatim autodialer may be called at any time to receive an annunciation of 
the status of channels monitored. PLC registers associated to RCs may be read 
and written over-the-phone. Additionally, programming activities may be 
performed via the buttons on the user's phone. 
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When an operator calls the autodialer, the status ofRCs will be reported and the 
user may reprogram parameters of RCs over-the-phone. When accessing the 
autodialer over-the-phone, all user functions that could result in the alteration of 
ANY data register can be made subject to correct entry of an access code. 

Alarm criteria, trip delays and alarm call groupings are established in a fashion 
similar to normal physical channels. RCs associated with PLC discrete data 
registers support the normally open or closed criteria. RCs associated with PLC 
analog or integer data registers support high and low set points. 

Associating a net address to a RC implicitly establishes the channel as digital or 
analog. For RCs, the default alarm criteria for both digital and analog channels 
is 'disarmed'. Attempts to set analog criteria on digital channels, and vice versa 
will cause an error announcement. If the net address for an RC already 
configured is re-programmed so that the type (analog or discrete) of data 
changes, the criteria will automatically be set to 'no alarm'. There is no run
time or totalizer capability for any of the RCs. 

At the front panel, the LED channel status display shows all Remote and 
Physical Channels. Since the count of total Physical and Remote channels is 
greater than the usual 32 status LEDs, channels are combined into groups so 
that the status of all channels may be observed . 

Connecting to the PLC Network 

In most cases, the cable supplied by RACO will already be connected at the 
Verbatim autodialer end to a modular jack inside the unit. If this is not the case, 
please refer to the drawings in appendix H. 

/ Note: 
Refer to the cable drawings in the appendices to identify your type of PLC 
network connection . 
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Electrical Connection Diagram for PLC Network Connection 

Expansion 
Input Slot 

Connect unpowred contact 
inputs here. C term1nals 

are common return. 

VSPE Speech Card 

Phone 
Connections 

NET1 

VCP Card 

Connect grounded 
120 VAG power here 

Cable connections for various PLC network protocols 
NET1 NET2 

Mod bus I NONE 
Mod bus I Serial LDL 
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Before Calling Technical Service Assistance 
Programmable Logic Controllers have been used for several decades for process 
control applications. There is a large body of knowledge germane to using 
PLCs. RACO assumes that the user needing to monitor a PLC network with the 
Verbatim autodialer is already familiar with the PLCs being used for the 
application. It may also be assumed that the user has access to a PLC expert to 
help accurately identify the addresses of a PLC data register. 

Before consulting the RACO Customer Service Department or your local 
RACO Representative for assistance in installation and configuration, please 
insure that the PLC details described in the next paragraph are readily available. 

The user must have access to the PLC ladder logic program listing and know 
the location and properties of all data table locations which will be monitored 
by the Verbatim autodialer. Also the user must be able to determine the basic 
operating parameters of the PLC communications channel. This means being 
able to configure the PLC's parameters such as the node address, baud rate, data 
bits, parity and stop bits. Setting these parameters at the PLC may require the 
use of a PLC Hand Held Terminal, or a Personal Computer running PLC 
programming software available from the PLC's manufacturer. 

The MODBUS communications protocol is a Verbatim autodialer firmware 
option and must have been properly configured at the factory. Parameters 
concerning link, frame and packet-level interfaces are configurable in the field. 

Programming for Remote Channels 

Remote Channel Programming Overview 
The Remote Channels (RCs) behave fundamentally the same as their physical 
channel (PC) counterparts. Procedures for programming and recording 
messages for remote channels are very similar to the procedures described in 
the previous sections ofthis manual. There are some differences, however. 
These differences will be discussed in this section. 

In general, all Verbatim autodialer commands that operate on remote channels 
will begin with the digit '4'. Commands that perform functions similar to non
Remote Channel specific commands use the same key sequence, preceded by 
the digit '4'. 

+ For example: to interrogate the alarm status for Physical Channel number 
1 1, enter the command: 

0 1 1 then <ENTER> 
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+ To interrogate the alarm status for Remote Channel number I I enter the • 
command: 

4 0 1 1 <ENTER> 

The existing commands that apply globally to all channels will apply uniformly 
to the RCs as well. Specifically, these codes are: 900, 902, 904, 917N, 923N, 
927N, 930, 935N, 966N, 9403,9404. The 'CHECK STATUS' function, either 
from the front panel or over-the-phone, reports channel status for all channels 
both physical or remote. 

The sub-sections that follow itemize all programming key sequences available 
to the user. A short description of each function is provided, together with 
longer notes when necessary. If a programming key sequence is not recognized 
by the Verbatim autodialer, or any parameter is invalid, the Verbatim autodialer 
simply says "Enter program code". 

All commands that use a full network address may omit the network ID and/or 
the node address, in which case the default values (codes 4910, 4911) will be 
used. The user should then also omit the'*' delimiter associated with the 
omitted component. If the user does omit a field then all preceding fields must 
also be omitted. (See Section F.4.2 for more information on net address 
formats.) 

The RCs on any specific network may be globally inactivated without erasing • 
any of their configuration. An individual RC may be inactivated without erasing 
the network address by setting the no alarm or disarmed criterion. In this case, it 
will be necessary to reprogram the criterion in order to re-activate the channel. 

Associating a Net Address with a Remote Channel 

Note: 

Remember that * =POINT when referenced in this manual. 

The most important operation in configuring your Verbatim autodialer is 
associating a data register's net address to aRC. The net address is actua]]y 
part of the complete command sequence entered by the user when programming 
the association of a RC and a data register. Consider the following example. 
Suppose the Verbatim's NET 1 is configured for the Modbus protocol and node 
2 on that net is a PLC. To associate RC #01 with the16 bit data register whose 
address is 4000 I you would enter the following command sequence: 

4 5 0 1 * 1 * 2 * 40001 * then ENTER. 
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The first 4 digits from the above example are the programming command for 
RC association or RC alarm criteria. Thus, the sequence 4 5 0 I refers to 
programming for RC #01. The net address portion ofthis command sequence 
is the remaining digits plus the '*' used for delimiting. The I6 bit data register 
has the address of 40001. The PLC's node number is 2 and the Verbatim's NET 
is I. 

The general net address syntax has the following form: 

* NET * node * address * 

where: 

NET is NET Number - 0, I, or 2 

Net 0 is Physical Channels 

Net I is Modbus 

Net 2 is serial printer 

node is PLC's Node Number 

Modbus - I to 256 

address is Data Register Address - may be numbers. Syntax for the register 
address is very specific to the PLC brand. 

In the previous example, certain simplifications were made. Simplifications in 
the net address may be made by using programmed defaults. The usual default 
for the Verbatim's NET number is I. The default node number may be set to 
any value allowed by protocol. Therefore, in the previous example, the entry 
may be simplified further to the following: 

4 5 0 1 * 40001 * <ENTER> 

General MODBUS Requirements 
This appendix provides information specific to Modicon's Modbus network. 
There are sections on PLC data table addressing, net address format, and global 
data. The paragraphs here describe general requirements and hints. 

Modicon PLCs: Be sure that the DEF/MEM switch on compact 984 PLCs is 
set to 'MEM'. Otherwise, it will be impossible to change 
network communications parameters from the defaults. 

Modbus Networks: All nodes on a Modbus network must use RTU protocol. 
There can be only one master on the network. The master 
must be the Verbatim Autodialer. 

Use the link-level timer (command 4908) to insert a delay 
between query/response cycles. This will only be 
necessary if talking to a slow device . 
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PLC Address Format 
The table below shows how to address specific objects in Modicon PLCs. 'x' 
represents a digit in the range 0-9. The Verbatim autodialer User Interface will 
accept any values for 'xxxx'. If a value is out of range for a particular PLC, that 
PLC will issue an error diagnostic, which will be passed on to the user. This is 
to say, the remote PLCs enforce the validity ofPLC addresses on their own. 

/ Notes: 
+ Extended memory access is not currently implemented. 

+ Inputs may be written by the Verbatim autodialer, but will most likely be 
overwritten immediately by the PLC when it does its next scan of the 
ladder logic. 

+ The PLC memory protect switch will prevent a coil or register from being 
written. 

. ' ' ' ~ 

Addressing Modicon PLC Objects , . · 

Address Description 
Oxxxx Coil (1-bit Output) number xxxx 

lxxxx Input point (1-bit) number xxxx 
3xxxx Input register ( 16-bit) number xxxx 

4xxxx Output (holding) register (16-bit) number xxxx 

Potential Effects of Network 
Communications Failures 
Physical channels only go into alarm state when their input matches 
programmed alarm criteria. Remote channels also support these criteria-based 
alarms. 

It must be remembered however, that the channel data compared against the 
criteria must first be received from the network being monitored. Since the 
remote channel's data is being transferred over a network, alarming may be 
affected by various network failures. 

If such a failure occurs, and the data cannot be received, it is no longer possible 
to reliably compare the channel against the alarm criteria. As a result, the 
remote channels will enter the alarm state even though their channel data may 
not have changed. The term "COMALARM" is used to distinguish this sort of 
alarm scenario from the criteria based alarms. 
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More precisely, an RC will register a COMALARM whenever the following 
two conditions are met: 

1. The RC is configured with alarmable criteria. 

2. All attempts to poll the RC have failed for the COMALARM trip delay 
period (code 4907). 

For status reports, alarm calls, LED indicators and acknowledgments, the 
COMALARMs are treated in the same way as criteria alarms. They are 
annunciated in the following manner: 

1. The COMALARM message will override any criteria alarm message. 

2. The COMALARM message is not user recordable. It always consists of 
"Remote Channel Number ZZ Communication Failure Code XXX." 

The failure code annunciated by the Verbatim autodialer serves as an aid in 
troubleshooting the network problem causing the failure. They are listed in 
section F.17. 

To further assist in network troubleshooting several diagnostic commands are 
provided. It is possible to: 

1. Perform a complete network self-test. 

2. Read the communications status for any RC. 

3. Read and reset the COMALARM count for any RC. 

4. Read a list of the last 10 COMALARM codes on the network. 

5. List all RCs currently in the COMALARM state. 

6. List the nodes (PLCs) on the net that have all of their RCs in the 
COMALARM state. 

The Verbatim autodialer provides several other features to help the user with 
the inevitable complexities of a networked environn1ent. One is the ability to 
suspend/resume all queries initiated by the Verbatim autodialer without altering 
any RC programming. The status reports will inform the user when a network is 
globally disabled in this fashion. 

Another diagnostic tool is the front panel Network Status Indicator LED for 
each network. Each LED is like a channel which monitors the overall health of 
each network. This is accomplished by accunmlating all the COMALARM 
codes into a single value. The value is compared against a threshold. See code 
492 in Section F.16 for details. 

If the threshold is exceeded, then the LED will blink and status reports will 
annunciate the current value of the network status code. If the network has been 
globally disabled the LED is off. Otherwise the LED is steadily ON, indicating 
the network is operating within programmed parameters. See Section F .17 . 
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The Verbatim autodialer keeps a count of the threshold violations. • 
Programming commands are available to announce and reset these counts. It is 
also possible to announce the current value of the status code and set the 
threshold to any severity level. See section F.l6 for details. 

Abbreviations and Typographic Conventions 
In the following sub-sections, the verbal response expected from the Verbatim 
autodialer will be given following the program code that the user is to enter for 
each programmable function. This verbal response will be differentiated by 
being in italics in the following way: Remote Channel Number TEN, Alarm, 
Acknowledged. The following table describes the abbreviations used in the code 
listings and elsewhere in this document: 

Code Listing Abbreviations ~ . 
. " " ~ ~.-= "' -- ,....,. .... . 

Code Description 
ZZ Any two-digit remote channel number, from 01 to 96, depending on the 

hardware configuration. 

yy Same as above 

N An integer from 0 to 65535, or as specifically noted. 

net The network 10: 1 to 5 

node The node address, as appropriate for a given network. 

addr The PLC address, as appropriate for the given PLC. (Details on specific PLCs 

and protocols are found in the appendices.) 

ON A two-digit code indicating a specific phone number. 

V An arbitrary floating point number of the form: 1.23. If 3 or more digits to the 

right of the decimal point, Vis truncated to the nearest .005. 

* Same as 'point' key 

# Same as 'minus' key 

Remote Channel Status, Reading, and 
Writing 
40ZZ 

Function Read alarm status of Remote Channel ZZ. (See code 49402 
for Network Alarm Status) 

Response remote channel <ZZ> <alarm status> 

If ZZ=OO in the following two commands, then the command applies to 
the net address specified by the most recent 4500* command. In that 
case, the "remote channel ZZ" responses are replaced with the explicit 
net address. 

4 OZZ* 
Function directly read PLC address associated with Channel ZZ 
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Response 

/ Notes: 

MODBUS Interface 

remote channel <ZZ> is <N> or 
remote channel <ZZ> communications error <code> 

write value N to PLC address associated with channel ZZ 
remote channel <ZZ> set to <N> or 
remote channel <ZZ>communications error <code> 

+ This command will execute without any "are you sure?" checking. 
Users must make sure the address and value being written will not create 
an unsafe condition. 

+ Writing a value greater than 1 to a digital or net address will result in the 
value I being written. 

Remote Channel Message Recording 
and Reviewing 
4 1 00 net 

Function 

Response 

/ Notes: 

Record network ID message for specified net. Append a'*' to 
the command to return to default network ID message. 
whatever was recorded or the default message: NET <net> 

+ For the following 2 commands, N is optional. If present, it must be in 
range 1-4 and sets the recording rate for that particular message. User 
Messages for the remote channels are used in the same way as user 
messages for the physical channels. 

+ For analog channels, the alarm message is always the default: "<high> 
<low> set-point exceeded". The user messages form a preamble and 
epilogue for the data value recitation during alarm messages. The default 
epilogue for remote channels is null. 

41 ZZN 
Function 

Response 

42ZZN 
Function 

Verbatim Owner's Manual 

Record channel ZZ alann/preamble message. N, if present, 
specifies the recording rate to use. If N is not present, the 
default recording rate is used. Append command with a '*' or 
'0' to return to default alarm message 
whatever was recorded or the default message: remote 
channel <ZZ> alarm 

Record channel ZZ normal/epilogue message. N, if present, 
specifies the recording rate to use. If N is not present, the 
default recording rate is used. Append command with a'*' or 
'0' to return to default normal message . 
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Response 

4 3 zz 
Function 

Response 

whatever was recorded. 
The default message for discrete channels is: remote channel 
<ZZ> normal . The default message for analog channels is 
silence (no epilogue). 

Review both messages for channel ZZ. lf ZZ is 00 then all 
network ID messages are reviewed. 
whatever was recorded or the default messages. 

Remote Channel Configuration 
Commands in the series "4 5 ZZ," are used for Remote Channels as follows: 

+ Associate a PLC net address to a Verbatim Remote Channel. This step 
tells the Verbatim autodialer where on the PLC network to look for the 
point to be monitored. 

+ Establish the alarm criteria for a Remote Channel. This step tells the 
Verbatim autodialer what constitutes an alarm condition in the monitored 
PLC point. 

+ Link a Remote Channel to a phone number or group of phone numbers. 
When an alarm occurs in the monitored PLC point only the phone 
numbers linked to the Remote Channel will be called. (By default, all 
phone numbers will be called.) 

Note that you must first assign a net address to a Remote Channel before any 
alarm criteria may be configured. 

Assigning PLC Net Addresses to Remote Channels 
Command "45ZZ" associates a remote channel with a network address and, as 
such, is essential for activating an RC. When issued, this command will cause 
the Verbatim autodialer to immediately access the specified network address. 
Any communications errors at this point will generate the message: 
communication error code <diagnostic>. Any command in this section will 
support ZZ=OO. 

If the data type (analog, discrete) of the new address is incompatible with the 
existing alarm criteria, then the NOALARM criteria will replace them. 
Otherwise, the existing criteria are untouched. The Verbatim will announce this 
action. Any links to other RCs are always preserved. 

/ Notes: 

See section F .4.2 for an overview of net addresses. 
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Function 

Response 
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Read the network address which is currently associated with 
RC number ZZ. 
remote channel <ZZ> NET <net> NODE <node> ADDRESS 
<addr> or 
communication error code <diagnostic> 

4 5 ZZ * net *node *addr * 
Function 

Response 

Associate RC <ZZ> with specified network address. Does not 
alter any other parameters. 
remote channel <ZZ> NET <net> NODE <node> ADDRESS 
<addr> or communication error code <diagnostic> 

Remote Channel Alarm Criteria 

4 5 00 
Function 

Response 

4 5ZZ 
Function 
Response 

4 5ZZO 
Function 

Response 

4 5 zz 1 
Function 
Response 

4 5ZZ2 
Function 
Response 

4 5 ZZ3 
Function 

Response 

4 5ZZ4 
Function 

Response 

Verbatim Owner's Manual 

The criteria for all "eligible" RCs are set so that the channel is 
normal in its current state. An RC is NOT eligible if any of 
the following conditions apply: 

Channel's net address type is analog or floating point 
Channel has NO ALARM criteria already configured 
Channel is already the destination channel in a linked 
pmr 

present input condition is programmed to be normal for all 
remote channels 

Read alann criteria for channel ZZ 
remote channel <ZZ> <criteria> or remote channel <ZZ> no 
net address programmed 

Disarms <ZZ> (i.e. eliminates all status reporting for the 
channel). All other configuration information is preserved. 
remote channel <ZZ> disarmed 

Set channel number ZZ alarm criteria to normally 1. 
remote channel <ZZ> normally 1 

Set channel number ZZ alarm criteria to normally 0. 
remote channel <ZZ> normally 0 

Set channel number ZZ alam1 criteria to no alarm. The channel 
is still listed in all status reports. 
no alarm condition for remote channel <ZZ> 

Set channel number ZZ to NETERR mode- alarm if and 
only if a communications alarm occurs. 
remote channel <ZZ> alarm on communicationfailurec. 
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45ZZ5N 
Function 

Response 

4 5 ZZ6N 
Function 

Response 

Set channel number ZZ analog low alarm set point toN. Use 
N = -0 to clear. Omit N to read current set point value. 
remote channel <ZZ> low set point is <N> 

Set channel number ZZ analog high alarm set point toN. Use 
N = -0 to clear. Omit N to read current set point value. 
remote channel <ZZ> high set point is <N> 

Linking Remote Channels to Phone Numbers 

4 5ZZ9 
Function 
Response 

4 5 ZZ9DN 
Function 
Response 

4 5 zz 9 * 
Function 
Response 

Read RC number ZZ alarm call grouping linkage. 
remote channel <ZZ> calls <list> 

Link RC number ZZ to phone number list ON 
remote channel <ZZ> calls <list> 

Clear all RC number ZZ phone number linkages 
remote channel <ZZ> calls all phone numbers 

/ Note: 

F.11 

Linking Remote Channels to phone numbers is different than linking one 
Remote Channel to another Remote Channel. The latter is discussed in 
section F.l2. 

Alarm Trip Delays 
The alarm trip delay commands here apply only to criteria violations. See code 
4907 for the COMALARM trip delay. See codes 4921 and 4922 for network 
alarming. 

46ZZ 

46ZZ * 

Function 
Response 

Function 
Response 

46ZZV 
Function 
Response 

F-14 

Reads channel number ZZ alarm trip delay. 
remote channel <ZZ> alarm trip delay is <v> seconds 

Sets channel number ZZ alarm trip delay to 2.0 seconds. 
remote channel <ZZ> alarm trip delay is 2.0 seconds 

Sets RCZZ individual alarm trip delay to V. 
remote channel <ZZ> alarm trip delay is < V> seconds 
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RC Linking/Network Bridging 
The commands detailed in this section allow data to be passed between any two 
remote channels. Applications include passing data between nodes on 
compatible and incompatible networks, updating status registers in DCS 
systems, or exporting the Verbatim physical I/0 to remote nodes. One channel 
acts as a data "source" and the second as a data "destination". Data is read from 
the source channel's net address and then written to the destination channel's 
net address once per scan loop. The destination and source are said to be 
"linked". 

Linking Modes 
The linking functions can work in one of two modes. In Data Link mode, the 
data read from the source is written directly to the destination. In the absence of 
communication problems, each destination channel is updated with a frequency 
equal to the Verbatim scan time. If there is a communications problem reading 
data from the source, then nothing is written to the destination. 

In Alarm Link mode, the source channel data is first interpreted against the 
configured alarm criteria. If any alarm condition exists at the SRC channel, 
then a I is written to the DST. Otherwise, 0 is written. Any communications 
problem reading from the source will be reflected . 

For both modes, the reads and writes are attempted once per scan loop. Any 
required protocol conversions are handled automatically. Any problems getting 
data for or writing data to the destination will appear as communications errors 
on the source or destination RCs. The data read or written is subject to RC 
initialization and the worst-case scan loop latencies. See Section F.7 for details. 

Commands & Limitations 
The commands below establish the channel linkage configurations. There are 
several rules and restrictions as follows: 

I. Both the source and destination RCs must already be configured with net 
addresses. If this is not the case, then an error message is given. The net 
address for either channel in a linked pair may be reconfigured at any 
time, without altering the link. 

2. If the RC specified as source is already configured as destination for any 
other linked pair, then an error message is given. Similarly, if the RC 
specified as destination is already configured as source for any other 
linked pair, an error message is given. This prevents "chaining" of linked 
pairs . 
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3. If the RC specified as destination is already configured as the destination • 
for another source, then the new configuration supersedes the old one. No 
error message is given. This prevents the configuration of multiple 
sources for a single destination. The user must take care that distinct 
destination channels do not have identical net addresses. Multiple 
destinations for a single source are allowed. 

4. If either the source or destination RC are "DISARMED", then its criteria 
will be reset to "NETERR". This alteration will be announced. All other 
existing criteria are accepted without alteration. Once a link is configured, 
any attempt to DISARM either the source or destination results in an error 
message. All other criteria modifications are allowed. Note however that 
it rarely makes sense to have destination criteria of anything other than 
"NETERR" or "NOALARM". 

5. The linking of channels with different data types is allowed. For example, 
it is OK to have a discrete source linked to an analog destination. Special 
data conversion rules apply and are presented in the table below. 

~conversion Rt~les · , ·. · · : 
Source Dest. Destination Value 
16 or 32 bit 1 bit 0 if source is 0, otherwise 1 
1 bit 16 bit 0 if source is 0, otherwise 1 
1 bit 32 bit 0.0 if source is 0, otherwise 1.0 
16 bit 32 bit floating point nwnber with integer 

value equal to the source value 
32 bit 16 bit garbage: least significant 16 bits of 

the source value, however encoded 

6. If the destination channel is read-only (i.e. a PLC input register) then a 
COMALARM will result. 

47ZZ*YY 
Function 

Response 

47ZZ*YY* 
Function 

F-16 

Establishes an alarm mode link with RC ZZ as the source 
channel and YY as the destination channel. Channel ZZ's 
alarm status will be written to YY's net address once per scan 
loop. A 1 is written if any alarm exists, otherwise zero. 
remote channel ZZ alarm link to remote channel YY or, 
remote channel (ZZ, Yl') not programmed, if no net address, or, 
remote channel (ZZ, YY) already linked, if multiple sources, or 
link chain would result. 

Establishes a data mode link with RC ZZ as the source channel 
and YY as the destination. The value from ZZ's net address is 
written to YY's net address once per scan loop. 

Verbatim Owner's Manual 

• 

• 



• 

• 
F.13 

• 

Response 

MODBUS Interface 

remote channel ZZ data link to remote channel YY or, 
remote channel (ZZ, YY) not programmed, if no net address, or, 
remote channel (ZZ, YY) already linked, if a link chain would 
result. 

The commands listed below report or clear existing link configurations. When 
a link is cleared, the net address and criteria for both channels are untouched. 
Operation of the source channel is unchanged. In fact, the only change is that 
the destination channel wiiJ no longer write any data to the remote address. 
Rather, it begins to read the remote address and will alarm according to the 
existing criteria, just like the source or any other remote channel. 

4 7 zz 
Function 

Response 

4 7 ZZ-0 
Function 

Response 

4 7 ZZ * YY-0 
Function 
Response 

Reports all linked channel pairs using ZZ as either source or 
destination channel. If ZZ is 00, then the set of all linked 
channel pairs is listed. 
remote channel <ZZ,X¥> <data, alarm> link to remote 
channel <YY,ZZ> 

Clears all linked channel pairs using ZZ as either source or 
destination channel. If ZZ is 00, then the set of all linked 
channel pairs is cleared. 
remote channel ZZ link to remote channel YY is cleared or, 
remote channel ZZ is not linked, if no such link existed, or, 
all remote channel/inks cleared, ifZZ is 00. 

Clear specific link using ZZ as source and YY as destination. 
remote channel ZZ <data, alarm> link to remote channel YY is 
cleared. or, no link, if such a link does not exist. 

Communications Parameters 
All commands in this section allow the 'net' parameter to be omitted, in which 
case the default network is used. If either 'net' or the default net (see code 
4910) is 0, the command has no effect. Ifthe '*'is omitted, then the current 
setting is spoken. If'*' is present and 'N' omitted, then the parameter is set to 
it's default. If 'N' is present, then '*' must precede it. 

If the protocol currently configured on any specific net forbids alteration of a 
parameter, then the command is ignored and the "Enter program code" message 
is announced. The defaults for each parameter are also network dependent. 

4 9 00 net 
Function 
Response 
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Announces the current setting of all applicable parameters. 
See all codes below 
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4 9 00 net* 
Function 
Response 

Resets all applicable parameters to their factory default. 
See all codes below 

Serial Port Parameters 

4 9 OJ net* N 
Function 

Response 

4 9 02 net* N 
Function 

Response 

4 9 03 net* N 
Function 

Response 

4 9 04 net* N 
Function 

Response 

Read/set baud rate for net to N.lfpresent, N must be: 50, 75, 
110,150,300,600,1200,1800,2000,2400,3600,4800, 
7200, 9600, 14400, 19200, 28800, 57600. Any other values 
are ignored. 
<net ID message> baud rate is <N>. 

Read/set data bits for net toN. If present, N must be one of: 5, 
6, 7, or 8. Any other values will be ignored. 
<net ID message> data bits are <N> 

Read/set stop bits for net toN. N must be I or 2. Any other 
values will be ignored. 
<net ID message> stop bit is <N> 

Read/set parity for net. If present, N=O is NO parity, N=l sets 
ODD parity and N=2 sets EVEN parity for net, N=3 for 
SPACE parity, N=4 for MARK parity. Any other values will 
be ignored. 
<net ID message> parity is <even, odd, space, mark> 

Network Parameters 

4 9 05 net* N 
Function 

Response 

4 9 06 net 
Function 
Response 

Read/set local node address for net toN. The allowable range 
for N is protocol dependent. Illegal values are ignored. 
<net ID message> node number is <N> 

Read protocol for network. 
<net ID> protocol is <current protocol> 

Timing Parameters 

4 9 07 net* V 
Function 

Response 

Reads/sets communications alarm trip delay. Communications 
errors for all RCs on net must persist continuously for V 
seconds before a COMALARM violation is registered. 
<net ID> communication alarm trip delay is < V> seconds 
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4 9 08 net* N 
Function Reads/sets link-level timer. Units are milliseconds. Usage of 

this timer is protocol dependent and described in the 
appendices. ln general, this parameter is the maximum time 
the Verbatim will wait for the response from a 
communications co-processor or interface module. 

Response <net ID> link limit time is <N> mseconds 

4 9 09 net* N 
Function 

Response 

Reads/sets application-level timer. Units are milliseconds. 
This value is the maximum amount of time the Verbatim will 
wait for another node to respond to any command. 
<net ID> message limit time is <N> mseconds 

Miscellaneous 
49* 

Function 

Response 

Repeats the previous command which began with a '4'. It is 
possible to add key strokes after the * and before enter, subject 
to limit of 65 total keystrokes. The added key strokes are not 
concatenated for subsequent 49* commands. 
appropriate to actual command resulting 

In the following, N may be omitted, in which case the current value is only 
announced, not altered. The values apply to all commands expecting a net or 
node value to be specified. They allow fewer keystrokes to be used when 
programming net addresses and other commands. 

4 910N 
Function 

Response 

4 911 N 
Function 

Response 

Read/set default net number toN. N must be 0-5, consistent 
with the hardware options. 
Default net address nefv.!ork is N 

Read/set default node nwnber toN. Allowable values for N 
are protocol dependent. 
Default net address node is <N> 

Clear-Out Operations 
4 9 3 *net 

Function 

Response 

4 9 35 4 
Function 

Verbatim Owner's Manual 

Globally disables/enables RC polling on the specified 
network. Acts as a toggle, so two consecutive entries cancel 
each other out. No RC programming is erased. 
<net ID> communication is (off, on) 

Clears all RC user recorded messages . 
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4 9 35 5 

4 9 35 8 

4 9 35 9 

Response 

Function 

Response 

Function 
Response 

Function 

Response 

All remote Channel messages cleared 

Clears all RC configuration data: network addresses, criteria, 
links. 
All remote channels reset 

Clears out all communications failure codes and counts. 
Communication error count overall reset 

Does all the 4935 functions. NOTE, ONLY the RC configura
tion is affected. 
Verbatim RC programming requires Firmware Revision 

Diagnostic Readouts 
In the following, N may be omitted, in which case the current value is only 
announced, not altered. 

4 9 2 <net> 
Function 

Response 

Reads current value for Network Failure threshold. The LED 
indicator will blink and a Network Failure Alarm will register 
when this value is exceeded. 
<net ID> network status alert setpoint is <N> 

4 9 2 <net> <*<N>> 
Function Sets current value for Network Failure threshold. Use N=200 

to disable the network failure indicator. 
Range for N 0-200 
Default 0 
Response 

4 9 30 *net 
Function 

4 940 

/ Note: 

Response 

Function 
Response 

<net ID> network status alert setpoint is <N> 

Perform a diagnostic self-test on specified network. 
Depending on protocol and LDL configuration, diagnostic 
counters may be printed and/or reset. 
<net ID> communication test is <normal, errcode> 

Read all 4940x diagnostic info for all networks. 
See error/diagnostic code list in section F.l7. 

In the following, 'net' may be omitted, in which case the information for the 
default network is annunciated. 

4 9 40 *net 
Function 
Response 
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Read all 4940 diagnostic info for <net> 
see commands below 
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4 9 401 
Function 
Response 

4 9 40 2 net 
Function 
Response 

4 9 40 3 net 
Function 
Response 

4 9 40 4 net 
Function 

Response 

4 9 40 5 net 
Function 
Response 

/ Note: 

Read time to complete RC table scan 
scan time is <time> seconds 

MODBUS Interface 

Read network status code for specified network 
<net ID > network status code is <code> . 

Read network alert count. 
<net ID > network alert count is <count> 

List all the node addresses whose RCs are currently 
experiencing communication failure. 
<net ID >communication failure at node(s) <list> 

List all RCs on net currently having communications failure. 
<net ID >remote channel(s) now in communication alarm are 
<list> 

49405 does not report criteria-tripped alarms. The check status command 
(4 0 ZZ) checks all alarm conditions, communication or otherwise . 

4 9 40 6 net 
Function 

Response 

4 9 41 zz 
Function 

Response 

4 9 41 zz * 
Function 

Response 

4 9 42 net 
Function 
Response 

4 943 
Function 
Response 

Verbatim Owner's Manual 

Read diagnostic codes for last I 0 network problems. 
Append -0 to clear the history stack. 
recorded error numbers are code <n> ... 

Read current communications status for channel number ZZ. 
Status reported is result of latest scan loop poll, not the com
munications alarm status (see 40zz) .. 
remote channel <ZZ> communication alarm code is <diag 
code> 

Read count of communication alarms for RC ZZ (add -0 to 
clear) 
remote channel <ZZ> communication alarm count is <count> 

Read list of disarmed (see code 45ZZO) RCs 
<net /D> remote channels now disarmed are <list> 

Read list ofuninitialized RCs. 
remote channel(!!>) not programmed are <list> 

Continued on next page ... 

F-21 



F.17 

F.17.1 

MODBUS Interface 

4 944 
Function 
Response 

4 9 45 zz 
Function 

Response 

Read list of all RCs not using the default criterion. 
remote channels armed are <list> 

Reports net address, criterion, setpoints, links, and alarm status 
for channel number ZZ. 
See commands 45zz*, 45zz, 47zz*, 494lzz 

Status, Diagnostic & Error Code Listing 
This section lists all network status, diagnostic and communications error codes 
likely to be of use for customer troubleshooting. Other codes may be reported 
in rare instances, and information about their interpretation may be obtained 
from RACO customer support. 

Network Status Codes 
The Network Status code reflects the overall health of all devices connected to a 
specific net. The values for these codes are used both for programming the alert 
threshold and in reporting the current status. Whenever a specific network's 
status code exceeds the alert threshold the network status LED will blink and an 

• 

alert message is included in all reports. There is a distinct LED and status code • 
and threshold for each net. 

The table below lists the values and interpretation for the Network Status codes 
and thresholds. 

F-22 

0 No error. All RCs and scanned nodes are operating within 
scan timing parameters. 

1-96 Some RCs are in communications failure and have not been 
successfully scanned for the COMALARM trip delay period. 
The number of such failed RCs is equal to the code value. 

101-196 Some nodes on the net have quit responding to scanning. 
The number of such failed nodes is computed by subtracting 
100 from the code. All RCs on those nodes are in 
COMALARM. 

200 The scan of all nodes on the network is failing. 
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Diagnostic & Communications Error Codes 
The diagnostic and communications error codes are registered whenever the 
scan for a particular RC fails. When such an event occurs, the code is pushed 
onto the diagnostic history stack (see code 49406) and copied into the RC status 
word (see code 494Izz). These may be interrogated at any time. 

If the problem occurs during selftesting or configuration, the code is reported 
immediately. During normal scanning, the problem must continue for the 
COMALARM trip delay period before a communications alarm for that RC is 
triggered. The report for that alarm will then mention the code. The network 
status code is then updated appropriately. See table on next page. 

The table below lists the values and interpretations for the most common error 
situations. Note that some codes are derived directly from standard error codes 
supported by specific protocols. The documentation for those products is then 
necessary for interpretation. 

0 no error condition detected 
352 specified net is invalid 
354 protocol doesn't support the net address format 
356 request timed out with no feedback 
357 node address is invalid for selected protocol 
359 node/driver incompatible with address mode 
360 miscellaneous error parsing address string 
361 some field was duplicated in address string 
362 file type specifier in address string not supported 
363 couldn't parse file number field in address string 
364 couldn't map the 110 slot specified in address string 
365 couldn't parse element field in address string 
366 couldn't parse subelement field in address string 
367 couldn't parse bit field in address string 
368 too many routing nodes specified in address string 
369 some routing node has illegal syntax 
370 transaction aborted at user request 
390 source channel data not available for RC link 

410 no traffic received from the net 
430 timeout with no recognizable response 
431 timeout with no response at all 

501 transaction took too long to transmit 

601- 608 AEG/MODICON exception codes. 
That code can be determined by subtracting 600 from this code. 

Refer to F.5, "General Modbus Reauirements," for details . 

Continued on next page ... 
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700 
705 
710 
715 
725 
730 
731 
732 
735 
750 

device has not been opened 
DUART not present 
net not configured with PLC-type protocol 
bad serial io configuration parameter 
background noise on network substrate 
another modbus master already active 
mbplus peer in monitor-on-line state 
mbplus peer never getting token 
diagnostic loopback test failed 
a remote node has same node address 

755 could not find any nodes on network 

1540 NAK count limit exceeded for transmit msg 
1541 ENQ count limit exceeded for transmit msg 
1561 timeout waiting for response to command 

2278 RAM allocation failed 
2279 hardware failed self-test at warmstart 
2280 cannot access net hardware 

F-24 
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• PLC Programming Code Table (Page 1 of 4) 

Code Description Default Range Section 

Remote Channel Status, Reading and Writing to PLC Data Regist~r 
40ZZ Read alarm status of Remote ZZ=O to 96 F.8 

Channel ZZ 

40ZZ* Read data register associated ZZ=O to 96 F.8 
with RC ZZ 

40ZZ*N Write value N to data register ZZ=O to 96, F.8 
associated with RC ZZ N=O to 65535 

•; -.~ ~ T'".'" - " ~ ~··--·~--·--~- - --·--~------------~>:!f;"V --- --~------ ~~--~-

Remote Channel· Message Recording and 'Reviewing····~·. ·. 
4100 net Record network ID message net=l to 5 F.9 

41ZZN Record Remote Channel ZZ ZZ=l to 96, N=l to 4 F.9 
ALARM/PREAMBLE message See Code 913 
at recording rate N (N is 
optional) 

42ZZN Record Remote Channel ZZ ZZ=l to 96, N=l to 4 F.9 
NORMAL/EPILOGUE message See Code 913 
at recording rate N (N is 
optional) 

43ZZ Review both Remote Channel ZZ ZZ=l to 96 F.9 
messages (ZZ=O for network ID 
messages) • - ' ,-,..1 f' ~ ~ - - --~~ • -

Remote Charinen:~'rbgramming (Configuration) ·,." ··" 1 
• . ... • 

• ,• ~ - I I I • • l 

4500 Sets current status as NORMAL F.l0.2 
for all RCs 

45ZZ Reads alarm criteria for RC ZZ ZZ=l to 96 F.l0.2 

45ZZ * Associate RC ZZ with specified ZZ=l to 96 F.lO.l 
net *node network address 
*addr * 

45ZZ * Read back the net address ZZ=l to 96 F.lO.l 
(net/node/addr) assoc. with RC ZZ 

45ZZO Disables Remote Channel ZZ ZZ=l to 96 F.l0.2 

45ZZ1 Sets alarm criteria to ZZ=l to 96 F.l0.2 
NORMALLY 1 

45ZZ2 Sets alarm criteria to ZZ=l to 96 F.l0.2 
NORMALLYO 

45ZZ3 Sets alarm criteria to ZZ=l to 96 F.l0.2 
NO ALARM Status reporting 
only 

45ZZ4 Sets alarm criteria to NETERR mode ZZ=l to 96 F.l0.2 

45ZZ5 N Sets analog low setpoint to N ZZ=l to 96, F.l0.2 
N=O to 65535 

45ZZ6 N Sets analog high setpoint to N ZZ=l to 96, F.l0.2 • N=O to 65535 
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PLC Programming Code Table (Page 2 of 4) 

Code Description Default Range Section 

Alarm Call Grouping . 
45ZZ9 Reads RC ZZ alarm call F.l0.3 

grouping linkage 
45ZZ 9 DN Links RC ZZ to phone F.l0.3 

numbers DN 
45ZZ 9 * Clears all RC ZZ alarm call F.l0.3 

linkages. 
~ - --v~ - ~ -- •~ • - ~ >< c {7 

Alarm Trip Delays. . . . · . · · · · ,, · :;_ 
~ ~ ''"""'' - ~- ~ .. -'J, ~···" h ·~ 1< '~ 

46ZZ Reads Remote Channel ZZ 
alarm trip delay 

F.ll 

46ZZV Set RC ZZ individual alarm 
trip delay to V 

none .I • 9999.9 sec F.ll 

46ZZ * Resets RC ZZ individual alarm 
trip delay back to default 
of2.0 sec. 

~'-"" • ' • -- • ~ - ,';>"h·~~"',~~-"' 'A'" " 

Remote Channel Linking/Network Bridging . -: : 
47ZZ * YY Establish Alarm Link. ZZ 

source, YY destination 
47ZZ * YY *Establish Data Link. ZZ 

source, YY destination 
47ZZ Report all linked channel pairs 

using ZZ as source or destination. 
If ZZ=O reports all linked 

channel pairs. 
47ZZ -0 Clears all linked pairs using ZZ 

as source ordestination 
If ZZ=O clears all linked channel pairs. 

47ZZ Clear Specific Link using ZZ 
* yy -0 as source and YY as dest. 

Serial Communications Parameters 

Note: See Code 4910 for default value for "net" in all of the following 
4900 net Announces the current 

settings of all serial 
parameters for "net" 

4900 net * Resets all serial parameters 
for "net" to their factory defaults 

4901 net *N Read/Set baud rate for net 
toN 

4902 net *N Read/Set data bits for 
net toN 

4903 net *N Read/Set stop bits for 
net toN 

See Below 

9600 50-57600 

8 7 or 8 

1 1 or 2 

F.l2 

F.l2 

F.l2 

F.12 

F.l2 

F.l3 

F.l3 

F.l3.1 

F.l3.1 

F.13.1 
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PLC Programming Code Table (Page 3 of 4) 

Code Description Default Range Section 

SJ;r:ial C_om~~ni~atio~s ~~ram~ters ... . c;·n~inued fr~m p. F-26.. ., , :~ . . , 

Note: See Code 4910 for default value for "net" in all of the following 

4904 net *N Read/Set parity for net protocol dependent odd, even, none 
4905 net *N Read/Set local node 1 1-256 

4906 net 
4907 net *N 

4908 net* V 
4909 net* V 

49 50 

49 * 

4910 N 

4911 N 

address for net to N 
Read protocol type for net N 
Read/Set COMALARM 
Trip Delay 
Read/Set link-level timer. 
Read/Set applications-level 
Timer 
Reads/Sets all protocol 

Repeat the previous command 
which began with a '4' 
Read/Set default 
net toN 
Read/Set default node 
toN 

Factory Configured Not user settable 
30 sec. N=0.1-999.9 sec. 

Protocol Specific Vis in msec. 
Protocol Specific Vis in msec. 

vanes See applicable notes 

1 to 5 

protocol dependent 

F.13.1 

F.l3.2 

F.l3.2 
F.l3.3 

F.13.3 
F.l3.3 

F.l3.4, 

F.14 

F.14 

F.14 

1 ~ 0~ T 

·' Clearout_pperations . " . · .~. ! .·' • : . <: .. 
493 *net Globally disables/enables Acts as toggle F.15 

network communications 
4935 4 Clears all RC user recorded F.l5 

speed messages 
4935 5 Clears all RC net F.15 

addresses and criteria 
4935 8 Clears out all communications F.15 

failure codes and counts 

Diagnostic .Readouts · · · · · ··. 
. . . 

Note: See Code 4910 for default value for "net" in all of the following 
49 2 net Reads current Network Failure 

threshold for net 
49 2 net *N 

49 30 *net 

4940 

49 40 *net 

Set Network Failure threshold 
toN 
Perform diagnostic self-test 
on specified net 
Reads all 4940 X diagnostic 
for all networks 
Reads all diagnostic information 
for net 
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PLC Programming Code Table (Page 4 of 4) • Code Description Default Range Section 

Diagnostic Readouts ... Continued from p. F-27 ' . 

Note: See Code 4910 for default value for "net" in all of the following 

49 40 1 Reads time to complete F.16 
RC table scan 

49 40 2 net Reads communications alert F.16 
status for net 

49 40 3 net Reads communications alert F.16 
count for net (Append with 0 
to clear count) 

49 40 4 net Reads all node address whose F.16 
RCs have current communications 
failure 

49 40 5 net Reads all RCs on net currently F.l6 
having communications 
failure 

49 40 6 net Reads diagnostic codes for F.16 
last 10 network problems 

49 41 zz Reads communicatons status F.16 
for RC ZZ 

49 41 ZZ* Reads count of COMALARMS F.16 • for RC ZZ 
49 42 net Reads list of disarmed (code F.16 

45ZZO) RCs 
49 43 Reads list ofuninitialized F.16 

RCs 
49 44 Reads list of all RCs not using F.16 

the default alarm criteria 
49 45 zz Reports net address, alarm criteria, F.l6 

setpoints, links and alarm status 
forRC ZZ 

• 
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Cabling Diagrams 

RACO VSER-01 Serial Cable Connection 
Diagram 

REAR (SOLDER SIDE) OF 
DB25P(MALE)CONNECTOR 

2 RXD 
3 TXD 
7 SGND 
8 DCD 
20 DTR 

G-2 

Used for local RS-232 or LDL serial printer option. 

10FT. CORD 

25 Pin Connector Pin-Out 

Data to VB 
Data from VB 
Signal Ground 
Carrier Detect - Handshake Out (not used) 
Data Terminal Ready - Handshake In (not used) 

GOLD 
CONTACT 
END 
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Cabling Diagrams 

G.2 RACO VPPC-1 Parallel Cable Connection 
Diagram 

(I) 
"'0 ·u; 
~ 

~ 
.0 

I .... 
(I) 
"'0 
al 
(I) 

.s:::. 
0 
C\1 
X 

C\1 

Used for LDL parallel printer option 

0 
I:::' Index color 

f- 4 unused positions 
0 

2 x 20 Header Length: 3' 

ReFc~e=~=ic=a=l================== Lf==T=y=p=e:=3=6=C=o=nd=u=c=to=r=R=ib=b=on========~_u 
7 Centronics 

Connector 
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Cabling Diagrams 

Verbatim PLC Network Connections 
Diagram 

Verbatim PLC 

Monitoring a single PLC 

Verbatim 

DAS, SCADA, 
orDCS 
System 

Monitoring a system with compatible device interface 

Verbatim 

11 MODBUS Networks 

~I ---~--~---------------~-----------------~~ 

#31 PLC #3 PLC #2 PLC #1 PLC 

Monitoring a PLC Network 
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9 PIN MALE 
RS232 CONNECTOR 

2 
3 
4 
5 
6 
7 
8 

• 

• 

Cabling Diagrams 

RACO VMB-2 Serial Cable Connection 
Diagram 

for use with Modicon PLC's using Modbus Protocol 

RJ45 MOD PLUG 

9 Pin Connector Pin-Out 

TXD Data from Verbatim 
RXD Data to Verbatim 
DSR Data Set Ready - Jumpered to DTR at 9 pin conn. only 
SGND Signal Ground 
DTR Data Term1nal Ready - Jumpered to DSR at 9 pin conn. only 
RTS Request to Send - Jumpered to CTS at 9 pin conn. only 
CTS Clear To Send - Jumpered to RTS at 9 pin conn. only 

Verbatim Owner's Manual 

GOLD 
CONTACT 
END 
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9 PIN MALE 
RS232 CONNECTOR 

2 
3 
5 
7 
8 

Cabling Diagrams 

RACO VMBM-1 Serial Cable Connection 
Diagram · 

for use with Modicon Micro PLC's using Modbus Protocol 

RJ45 MOD PLUG 

9 Pin Connector Pin-Out 

RXD Data to Verbatim 
TXD Data from Verbatim 
SGND Signal Ground 
RTS Request to Send - Jumpered to CTS at 9 pin conn. only 
CTS Clear To Send - Jumpered to RTS at 9 pin conn. only 

GOLD 
CONTACT 
END 

/ Note: 

Connection to Modicon Micro PLC requires use of Modicon Cable Part 
Number 11 OXCA2820 I, 11 OXCA28202, or 11 OXCA28203 plus adaptor 
11 OXCA20300. This combination of cable plus adaptor mates with above 
RACO cable. The Modicon cable is a flat, eight wire cable with RJ-45 male 
connectors on each end. The Modicon adaptor is an RJ-45 female to D-sub 9 
Pin female adaptor. 

G-6 Verbatim Owner's Manual 

• 

• 

• 



• G.6 

• 

• 

Cabling Diagrams 

RACO VBB-1 Serial Cable Connection 
Diagram 

for use with Bristol Babcock DPC 3330 or 3335 

15 pin D-sub connector 
MALE 

15 Pin Connector Pin-Out 

2 RXD Data to Verbatim 
4 TXD Data from Verbatim 
6 JUMP Jumpered to pin 8 
8 JUMP Jumpered to pin 6 
10 JUMP Jumpered to pin 12 
12 JUMP Jumpered to pin 1 0 
15 SGND Signal Ground 

Verbatim Owner's Manual 
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GOLD 
CONTACT 

SIDE 
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Cabling Diagrams 

VTI 405/505-DCM Serial Cable 
Connection Diagram 

REAR (SOLDER SIDE) OF 
DB25P (MALE) CONNECTOR VTI 405\505-DCM 

2 
3 
7 

Serial Interface Cable 
Verbatim to TI405-DCM PLC 

Siemens Series 405 Data Communications Module 

RJ45 MOD PLUG 

mo 
10FT. CORD 

25 Pin Connector Pin-Out 

RXD Data to VB 
TXD Data from VB 
SGND Signal Ground 

GOLD 
CONTACT 
END 
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H Verbatim Floobydust 

H.1 Adjusting Internal Speaker Volume 
Speaker volume may be adjusted via the trimpot marked SPKR VOL located in 
the upper right hand area of the main circuit board. 

This trimpot also adjusts the level of the audio signal that can be obtained via 
jack AJ 1. However, sensitive audio systems may require an additional signal 
level attenuator in order to prevent overloading . 

SPKRI ~I VOL "C.J 

Verbatim Owner's Manual 
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COMMON 
GROUND 
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Verbatim Floobydust 

External Speaker Connections 
An audio output suitable for driving an external speaker of 4 to 16 ohms imped
ance, headphones, or other audio system, is available via jack AJI, located in 
the upper right hand area of the main circuit board. This jack must be 
configured to deliver audio signal output by placing a jumper shunt across the 
upper pair of pins on the three-pin header JB8, located next to All. 

Note that All is a dual purpose jack which may be used either for audio output 
or DC power input, but not for both simultaneously. 

To make connection with All, use a standard single-circuit "MINI" plug. The 
tip end will be the audio signal; the shell will be ground. 

The output signal has a nominal impedance of 8 ohms and a nominal average 
amplitude of I volt RMS, when the audio level trimpot, described below, is set 
to full clockwise position. 

Specifications for Audio Output from Jack AJ1 
Nominal output impedance 
Nominal average output amplitude with 8 ohm load 

SPKRI D I VOL 'C.) 

H-2 

8ohms 
I VRMS 

AJ1 B~ 

" :::> 

H~ ~ 
COMMON 
GROUND 
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Verbatim Floobydust 

Alternative Power Sources 
As an alternative to the 120 VAC input, an external DC power source can be 
used. The DC power source should have a current capacity of at least 500 rna 
DC and a voltage from 8 to 14 VDC. Actual current consumption will be 
approximately 250 rna standby and 375 rna while phoning and speaking, plus 
whatever current is required to charge the internal 6 volt, 4 AH gel-cell battery. 
This supplemental charging current will be roughly 25 rna when the battery is 
already fully charged, and up to 200 rna if the battery is being recharged after a 
discharge. Option cards such as analog, remote supervisory control etc. will 
also moderately increase the current being drawn. 

DC power should be connected via a standard single-circuit "MINI" plug, 
inserted into jack All located in the upper right hand comer of the main circuit 
board. This jack must be configured to accept DC power input by placing a 
jumper shunt across the lower pair of pins on the three-pin header JB8, located 
next to AJ 1. The positive (plus) side of the power source must go to the end 
"tip" of the plug; reversing this polarity can damage the product. 

Note: 
Note that All is a dual purpose jack which may be used either for audio 
output or DC power input, but not for both simultaneously. Note also that the 
AC power fuse FU 1 is bypassed with this configuration. It should be 
removed to avoid confusion. 

The front panel ON/OFF control will operate as with standard 120 VAC power 
input. If the external power source is interrupted, the unit will switch to gel cell 
battery power and go into power failure alarm. 

The Verbatim autodialer is capable of being powered by other types of power 
source, including 240 V AC, on special order. Contact factory for details. 

Standard DC Power Power Specifications 
Input voltage range 
Recommended minimum current capacity 
VSS-4C-32 current drawn, less battery, standby 
VSS-4C-32, less battery, phoning/talking 
Added current to maintain charged battery 
Added current to charge discharged battery 

Verbatim Owner's Manual 

8-14 VDC 
500maDC 

275ma 
400ma 

25ma 
200ma 
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DC Power Connection Diagram 

H-4 

AJ1 

I I 

i 
+ 
L. 
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Verbatim Floobydust 

Speech Recording Times 
The following is a table of available speech recording times on Verbatim 
autodialer. 

To find the available amount of speech recording time, first determine the total 
number of channels on the unit, then find the corresponding row indicating the 
number of seconds of speech recording time at the various recording rates. 

Example: A VSS-4C-32, has a total of 36 channels (4 contact and 32 pic 
channels). Therefore the available recording times are 130, 200, 270 or 399 
seconds, depending upon which recording rate is selected by the user. 

Total# OF #OF #OF #OF #OF #OF 
Channels RAM Seconds Seconds Seconds Seconds 

CHIPS @Rate I @Rate2 @ Rate3 @ Rate4 
1-8 1 26 40 54 79 
9-16 2 52 80 108 159 
17-24 3 78 120 162 237 
25-32 4 104 160 216 318 
33-40 5 130 200 270 399 
41-48 6 156 240 324 476 
49-56 7 182 280 378 555 
57 UP 8 208 320 432 624 

The above table indicates the recording times that are shipped standard. 
However on special order, the available recording time can be increased to 
correspond with any row in the table . 
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PBX Support 
Interfacing the Verbatim to PBX or PABX phone systems can occasionally 
present problems. Some PBXs have a non-standard dialtone. Additionally, in 
many PBXs, you must first press a special key, like a '9' to get an outside line. 
After pressing the '9' there may be a short delay followed by the dialtone for the 
outside line. 

By turning OFF Phone Fault Detection you can avoid problems with non
standard dialtones from your PBX system. Then Phone Fault Detect will not 
falsely indicate a telephone line interruption. 

Even with Phone Fault Detect OFF you can still accomplish dialtone detection 
on outside lines. Simply add the Tone Detect key sequence to the phone number 
string after the '9' or other digit to request an outside line. 

Cautionary Notes About Interfacing to PBXs 
Must Be an Analog Line 

Some PBX systems are either partially or entirely digital. That is, voice and 
signaling information is converted to a digital representation. Voice 
information arriving at the PBX from the outside is converted from analog to 

• 

digital. Voice information leaving the PBX to the outside is converted from • 
digital to analog. Phone sets within a digital system may be interfaced by 
digital signals only. In such systems it may be difficult, but usually not 
impossible, to obtain a "standard" analog phone line to use in interfacing 
devices such as a Verbatim . It may be necessary to contact the vendor of your 
PBX system for information on addition of analog lines. 

~~ Lines Can Cause Damage 

Caution is advised. Some telephone lines within digital PBXs present voltages 
which can be dangerous to RACO's equipment. Ifyou are attempting to 
interface a Verbatim inside of a PBX it would be a good practice to have the 
phone line you intend to use checked for "unusualu voltages and signals. 

With few exceptions, if you can get a standard telephone set to word on a PBX 
line then you will be able to make the Verbatim work as well. 

H-6 Verbatim Owner's Manual 
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Local Alarm Relay Option 
The Verbatim provides a 5 volt output that is turned on whenever the unit goes 
into alarm. This is available at JB4, located at the top center of the main board. 
Use a mol ex style 2 pin connector to plug onto the JB4 pins. This output can 
activate a sensitive (500 ohm+) relay such as a Potter & Brumfield KHU-
17D 11-6). Connect a 150 ohm, 1/4 watt resistor across the relay coil. The Potter 
& Brumfield relay plugs into a socket (#27E 166) which is shown in the accom
panying figures. Note that it has four separate circuits in SPDT form. This relay 
may be used for local alarm, line seizure, or both. 

Local Alarm Relay Configuration 
1. Wire the relay coil as described in the introduction. 

2. Wire the local alarm to one of the four circuits of the relay. In the illustra
tion, the numbers refer to the four separate circuits, and C refers to the coil 
terminals. 

3. Note that the Verbatim does not provide the power for the alarm, it 
functions only as a switch. 

4. The program code for Local Alarm Relay configuration is 
960 00 ENTER 

which is the factory default. 

Inside the Verbatim 

Verbatim Owner's Manual 
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Line Seizure Option 
Line Seizure is a feature that ensures that the dialer will seize the phone line 
when it goes into alarm, cutting off any phones, FAX, or answering machines 
that may be on line at the time (these are called the downstream phones, as they 
are downstream from the Verbatim). The unit waits two seconds to allow a 
dial tone to come up, then dials out. These phones will remain cut off until the 
alarm is acknowledged. 

The Verbatim provides a 5 volt output that is turned on whenever the unit goes 
into alarm. This is available at JB4, located at the top center of the main board. 
Use a molex style 2 pin connector to plug onto the JB4 pins. This output can 
activate a sensitive (500 ohm+) relay such as a Potter & Brumfield KHU-
17D 11-6. Connect a 150 ohm, 1/4 watt resistor across the relay coil. The 
Potter & Brumfield relay plugs into a socket (#27EI66) which is shown in the 
accompanying figures. Note that it has four separate circuits in SPDT form. 
This relay may be used for local alarm, line seizure, or both. 

The phone jack must be an RJ-3IX, which is available from the phone company 
or a phone supply outlet. In operation, the Verbatim plugs into the RJ-31X 
jack and makes contact with the middle four pins, which are the standard red, 
green, yellow and black wires. 

• 

Note that you may combine the Local Alarm Relay with Line Seizure feature • 
simply by using one of the spare circuits (3 or 4) for the local alarm. It breaks 
the downstream connections, thereby seizing the line, then waits two seconds to 
allow a dial tone to come up, then dials out. 

• 
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Line Seizure Installation 
1. Wire the relay coil as described in the introduction. 

2. Wire the four terminals of the telephone input terminal strip to the relay a 
follows (please refer to accompanying figures): 

Terminal Strip Relay 

R COM circuit #2 

G COM circuit #1 

y N.C. circuit #1 

B N.C. circuit #2 

3. Wire the special RJ-31 X line seizure jack as follows (refer to the accom
panying figures): 

Connect a jumper wire from terminals 1 to 3 and a second jumper wire 
from terminals 6 to 8. 

Connect the incoming telephone line red wire to terminal 4 and the green 
wire to terminal 5. 

Connect the downstream extension phones to terminals I and 8. 

4. Plug the Verbatim into the RJ-31X socket. 

5. Program the Verbatim with code: 
960 01 ENTER 
This is the code for Line Seizure configuration of the Local Alarm Relay . 
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Wiring the RJ-3 1 X Line Seizure Jack Diagram 

Red 

H-10 

Telephone Line In 

Green 

4 5 

Downstream Phones 

1 -~----~--- 150 ohm 
resistor 

N.C. 
N.O. 

Relay Socket 
P&B 27E166 
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Heater I Thermostat Option 
The heater/thermostat option is intended to provide warming of the product 
when it is exposed to particularly cold ambient temperatures. 

The thermostat applies 120 V AC power to two chassis-mounted resistors, when 
it senses temperatures below approximately 40 degrees F. The resistors 
dissipate a combined 75 watts of power. The amount oftemperature elevation 
above ambient temperature that this provides depends on the thermal insulation 
of the enclosure and "heat sinking" into the surface which the unit is mounted 
to. The unit's aluminum enclosure provides relatively little thermal insulation 
by itself. However ifRACO's fiberglass NEMA 4X enclosure option is used, a 
temperature elevation of about 75 degrees is provided. 

If the unit is to be powered by something other than 120 VAC and you need a 
heater/thermostat, consult factory. 

Heater/Thermostat Option 
Power source required 
Power dissipated when activated 
Nominal activation temperature 
Nominal heat rise in fiberglass NEMA 4X enclosure 

Verbatim Owner's Manual 
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75 watts 
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Heater/Thenhostat Mounting and Wiring Diagram 
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Connecting to a Radio Transmitter 
If you have a radio transmitter that can provides for external connection of an 
audio signal input and also for connection of an external contact closure to key 
on the transmitter, you may connect it to the Verbatim autodialer. However you 
should also consider the alternative of using RACO's CELLULARM cellular 
phone system, which provides a superior means of signalling where regular land 
line phone service is not available. 

Note that the radio operation described below is not compatible with installation 
of the Telephone Line Seizure option. 

To obtain the contact closure used to key on the transmitter, it is necessary to 
solder some special connections on the back of the main circuit board. This 
step is not necessary if your unit has been supplied from the factory with 
the RF Interface option. 

First, disconnect the gel cell battery and remove all AC power connections. 
Remove any option cards. Then carefully remove the speech card located at the 
top of the unit, via its two mounting screws. Be careful to retain the plastic 
spacers located behind these screws, for use when replacing this speech card. 
Flex the card slightly to clear the two mounting pegs and pull the card straight 
outward . 

Remove the main circuit board by removing the six 6-32 mounting screws. 
You may also wish to unplug the contact input terminal strips and the ribbon 
cable which leads to the front panel. Solder a pair of jumper wires to the back 
of the board as indicated in the Jumper Wires for RF Link Diagram. This step 
connects the auxiliary contacts of off-hook relay K I, to the Y and B terminals 
of telephone terminal strip TS2. 

Re-assemble the unit and restore any connections which were removed. Be sure 
that the ribbon cable's connector is accurately and firmly seated. 

Connect theY and B terminals on TS2, to the external keying input of your 
transmitter. The transmitter will now be keyed on whenever the off-hook relay 
is activated. 

The method of audio connection depends on whether the product is to be con
nected to a regular phone line in addition to the radio transmitter. If a sensitive 
microphone input is used, additional attenuation may be required to avoid 
overloading the audio input. 

If phone line operation is required in addition to radio operation, establish the 
audio connection into the transmitter via jack AJI, as described in the section 
on EXTERNAL SPEAKER CONNECTIONS . 
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If no phone line operation is required, you may instead remove the phone 
cord and obtain aniisolated 600 ohm, line-level audio signal at the TIP and 
RING terminals o~TS2. 

In operation, the transmitter will be keyed on whenever the off-hook relay is 
activated-- i.e. wh~never the product is attempting to place or answer a phone 
call. Thus, if an ordinary phone line is also used, all phone activity will also be 
transmitted. I 

I 

If no phone line i~ used, it will still be necessary to program a "dummy" phone 
number consistingjof a single digit "1", using program code 7 0 1 1. Also, 
program for touch ;tone dialing using program code 9 0 1 1. When the unit goes 
into alarm, it will *ctivate the off-hook relay and therefore the transmitter. Then 
it will issue the single digit tone, and a few seconds later it will begin the speech 
message, continuiQg as it would for a regular phone call. The number of 
message repeats rt1ay be altered if desired, using program code 907. 

I 

If a phone line is also used, program the appropriate phone numbers as you 
I 

would ordinarily dp. All phone calls will also be transmitted by radio. If you 
desire to have selebted "calls" go out only over the air and not to any real phone 
number, program fhe single "dummy" phone number as described above. This 
single digit will siience the dial tone which would otherwise be broadcast along 
with the speech m~ssage. 

' 
Alarm calls will cbntinue until acknowledged, unless the unit is programmed to 
cease calling wherl the alarm violation ceases, using program code 9 2 3 2. 

In order to acknolledge alarms, it will be necessary to phone the unit back (if a 
phone line connedtion is also being used), or else press one of the keys on the 
front panel. I 
If a two-way transceiver is available which includes some kind of tone 
signalling and det~ction feature that results in momentary closure of a local 
relay contact at th~ autodialer locations, this contact may be used to place 
inquiry calls to thb unit and also to acknowledge alarms, by radio. Contact 
factory for details! 

Note that it will nbt be possible to perform remote programming of the unit with 
h d

. I. 
t ese ra 10 connections. 
A CELLULARM cellular system eliminates all such contraints. 
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• TS2 Connection Diagram 

TS2 

TP E 

r·········AU!5i0" ........... i r······ XMiTIER····· ; 
! INPUT j! KEY ON. i 
···························~ ...... ~···' '························· ........ : 

TRANSMITTER 

Jumper Wires For RF Link Diagram 

• 

• 
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i 
Calling a Pager 

I 
lntroductio~ 

I 
It has become fairly common to have the autodialer call a pager system with an 
alarm call. The di~ler is well equipped to handle many of the current pager 
protocols, and an overall understanding of the sequence of events will make the 
required program.rhing go smoother. 

Typically, a call tb the pager is placed. After a short period (usually 5-12 
seconds), the pag~r answers then gives a beep or a short burst of beeps. This is 
the signal to begin1 entering the number you want to be received and displayed 

j 

by the beeper. When the information is complete, the pager terminal will hang 
I up. 

/ Note: 

H.10.2 

RACO strongly ·recommends that you program other personnel phone 
numbers at the ~ppropriate place in the dialing list. This is to insure that if for 
some reason thelpager system cannot be activated, you will get a timely 
warning from your autodialer. 

General Probramming Considerations 
In most cases, thelentire pager calling sequence is handled within the dialing 
string of the Verbatim. That is, it is all part ofthe phone number. The unit will 
handle up to 60 di~its, including any timing delays you insert. The dialer must 
be programmed fdr touch tone dialing (program code 9011 ), as a pager terminal 
will not recognize~ pulse dialing. 

Numeric Pager Support 

Support for Numdric Pagers is comprised of a number of Verbatim autodialer 
features: I 

• Ability to add delays into a phone number string 

Often needeb to pause after dialing the pager system's digits and emitting 
I 

the caller's ID digits in the phone string. 
I 

• Ability to add DTMF # (or DTMF*) into a phone number string 

Often needeh as a terminator character to inform the paging system that 
the last digit has been entered. 

I 
• Ability to add a pause for tone detect anywhere in the phone number 

string I 

H-16 

Sometimes used to detect the paging system's beep(s) heard after it 
answers. 
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• Ability to defeat voice annunciation for a specific phone number 

Often just dialing the pager system and emitting a DTMF ID sequence is 
sufficient for that phone call. Voice reports only delay the calling of 
subsequent numbers. 

• Ability to add DTMF A, B, C, and D tones to phone number string 

These DTMF characters don't appear on standard telephones and may be 
used to differentiate automation equipment from humans calling the 
paging system. 

Except for simple delays, entry of these additional digits into a phone number 
string requires a two key sequence. For example, to enter a'#' character into a 
phone number string, either at the front panel or over the phone, press the '*' 
key followed by the 8 key. This two key sequence will enter the single '#' 
character into phone number string. 

The complete list of special digits is as follows: 

Desired Result User Enters 
DTMF 'A' in phone string 
DTMF 'B' in phone string 
DTMF 'C' in phone string 
DTMF 'D' in phone string 
No voice annunciation for this number 
Pause for tone detect 
DTMF '*' in phone string 
DTMF '#' in phone string 

Case 1 : Simplest Case Pager 

*I 
*2 
*3 
*4 
*5 
*6 
*7 
*8 

Voice Speaks 
A 
B 
c 
D 
PHONE 
TONE 
STAR 
POUND 

The simplest case is when you only have to call the pager and can hang up as 
soon as it answers, with no information being passed to the pager except that 
someone called. If you have only one dialer (and no one else uses the number!) 
you assume that any call from the pager is a Verbatim alarm call, and proceed 
from there. Of course, if you had two possible callers, you wouldn't know 
which one had called. 

Example: 

Set the first phone number to call the pager, the second phone number to call 
the plant foreman. Program 70 I 9 *6 1 713 235 3456 ENTER. (here, 701 
signifies the first phone number, 9 to get an outside line, *6 to get an outside 
line dial tone, 1 713 235 3456 our hypothetical long distance call to a pager, 
and ENTER to complete the phone number). Program 702 9 *6 548 7632 
ENTER (this is the second phone number, to call the foreman in case the pager 
call doesn't get through) . 
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Case 2: Passifg a Phone Number to a Pager • 

Some pager systems will allow the caller to enter a phone number (or other ID 
number), which islthen relayed on to the beeper. When the person with the 
beeper gets the call, he will know immediately from the number which dialer 
has called. This i~ a good system if you are using multiple dialers, or have other 
pager calls in addAion to autodialers. 

Example: 

Consider the folloring example of initiating a call to a paging system. We will 
assume here we don't have to dial 9 to get an outside line for this example. The 
paging terminal pfuone number is entered, followed by a CPM wait *6 to wait 
for the pager to bdep. After that, an ID number is entered. Often the ID number 
is simply the phorle number at the Verbatim autodialer site. 
A# terminator *8,is inserted. Finally, the characters *5 are added to designate 
this phone session as a pager call and not a voice annunciation. Entry of 

I 

additional delay digits may be required for proper timing of the pager call 

session. I 
The phone number string for this example with the first phone number calling a 
pager, is: 

701 2352456 *6 5481234 *8 *5 

Program 702 54817632 ENTER (this is the second phone number, to call the 
foreman in case tlie pager call doesn't get through) . 

••• • Exception: 
With some pager systems, Call Progress Monitoring (CPM) on may cause a 
delay that will not allow the pager message to be transmitted in the time 
allowed. If this i~ the case with your paging system, either have CPM in the 
default off state oL if you want CPM on, time delays can be used in the place 
of *6 pause for tohe detect. The critical task here is to time the delay from the 
last digit dialed ubtil the pager beeps. The delay time needed can be determined 
by using a stopwdtch or a clock with a second hand. You want to time this delay 
to the nearest sec~nd, then add 1 second to be sure. Consult the diagram on 
page H-20 to see the time line of events, then program the dialer. 

Example 1: 

Delays are added by pressing the MINUS # key on the front panel. Each delay 
is normally 1 second, but can be programmed (using 928 N) to be any length 
from 1 to 10 secohds. 
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We made each delay 2 seconds long by programming code 928 to be 2 seconds 
for each delay used: program 928 2 ENTER. We then called the pager, and 
determined timed the delay between the last digit dialed and the pager beep was 
6 seconds. 

We programmed our pager phone number: 701 6586713 ### 18007226999 *8 
*5, where# are delays inserted. 

Example 2: 

In this example we will enter an ID number before entering a phone number 
into the pager. The pager phone number is 1 713 2352456. The ID number is 
7711. The dialer is at 5481234. Calling the pager by hand from the dialer site, 
we find the following: 

• dial pager 

• wait for pager to answer ( 6 seconds) 

• pager beep 

• enter ID (7711) 

• wait for new pager prompt (2 seconds) 

• enter dialer phone number ( 5481234) 

• hang up 

The phone number to enter will look something like: 

1 713 235 2456 (delay 1) 7711 (delay 2) 548 1234 

• In our example we programmed Phone # l: 

701 1 713 235 2456 ### 7711 # 548 1234 ENTER 

(Remember that each # represents a 3 second delay). 

• and Phone #2: 

702 548 7632 ENTER (our foreman again) 
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Case 2: Pager Galling Sequence Using Delays (Example 1) 

Note that this delay 
is normally about 
5-12 seconds 

Pager Phone# ~ 

TIME 

235 24156 

I t 
Last Digit in 
Diali~g String 

Time this Delay 
Verbatim Phone # 

y-- or Identifier 

548 1234 

t t 
Pager Beep 
Answers 

Case 2: Pager Calling Sequence Using Delays (Example 2) 

Note that this delay 
is normally about 
5-12 seconds 

Pager Phone# ~ 

TIME 

1 713 235 2456 

H-20 

t 
Last Digit in 
Dialing String 

jlime this Delay 
Pager 
Delay 

Access II 
I ID# I I 

Verbatim Phone # 
( or Identifier 

7711 1234 

t t 
Pager Beep 
Answers 
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Cellularm Cellular Communications Diagram (AC On(v) 

Phone 
Unit 

Phone 

Power 
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AC Only 

Power 
Term1nal 

Strip 
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'ularm Cel/uL Communications Diagram (12V DC Only) 

Phone 
Unit 

H-22 

Phone 

Power 

Verbatim 

Phone 
Term1nal 

Strip 

(12 Volt) 

DC Only 
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'e/lularm Cellular Communications Diagram (24V DC Only) 

Phone 
Unit 

Phone 

Power 
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11-3/8" 
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V,erbatim Enclosure Diagram 

6" 

I ol o I 

Verbatim 

11-7/8" 

I 0 1 o I 

~ 9-3/4" J 
RECTANGULlAR MOUNTING CENTERS: 6" W x 11-3/8" H 

OVERALL DIMENSIONS: 9-3/4" W x 11 7/8" H x 5" D 
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NEMA 4X Enclosure Diagram 

11.5" 

-- 0 0 

NEMA 4X ENCLOSURE 

-- 0 0 

8" 

RECTANGULAR MOUNTING CENTERS: 8" W x 12.5" H 
OVERALL DIMENSIONS 11 .5" W x 13.5" H x 5.5" D 
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MJherboard Component Diagram 
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• Jumper Block Diagram 

• 

JB3=J 

• 
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Jumper ~onfigurations 

Main Board VMP-SA 

+ JB 1 - contgures sockets U3 and U4 for the size of EPROM chip 
used. I 

Placement of shorting block: 
I 

• left hand two pins- 2 meg EPROMs (for future use) 
I 

• right hand two pins- 1meg and 512k EPROMs (factory 
I 

default) 

+ JB2 - con~gures sockets U 1 and U2 for the size of RAM chip 
used. I 

Placement of shorting block: 
I 

• left hand two pins- 1 meg or 256k RAMs (factory default) 
I 

• right hand two pins- 2 meg RAMs (for future use) 

I + JB3 - RESET. Short these two pins together for about 2 seconds 
(a screwdriver works fine) to clear the programming back to 

I factory defaults. 

+ JB4 - Locll Alam1 Relay/ Line Seizure Relay output. Upper pin is 
ground, ldwer pin supplies 5vdc on alarm to activate the relay. 

+ JB5- SYbTEM RESET. Short these two pins together for about 
two secmids to reset the system hardware. 

+ JB6 - factbry use only 

+ JB7- factbry use only 

+ JB8 - conhgures jack AJ-1 to be either an audio output jack or a 
12vdc po-1er input jack. 

Placerhent of shorting block: 
• upper two pins makes AJ-1 an audio output jack, for using 

an !external speaker or connecting to another audio system. 
• I oyer two pins makes AJ-1 a 12vdc power input jack for 

porering the unit from an external source. 

+ JB9 - factory use only 
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Speech Board VSPE-2 

+ JB 101 - position of jumper varies with the fim1ware version 
Placement of shorting block: 
• left hand two pins if the firmware version is 2.00 or 

higher. Speech RAM is to be placed in the board 
beginning with U 103 then U 104 and so on up to 8 RAM 
chips. 

• right hand two pins if the firmware version is 1.36 or 
below. A maximum oftwo speech RAM may be used. If 
using just one RAM chip, it goes in socket U 104. A 
second one ifused can go in U105 (U103 is skipped) . 
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VerbatimTM Series VSS 
Autodialer Specification 

Description & Phone Number Dialing 
The autodialer shall be a solid state component capable of dialing up to 16 
phone numbers, each up to 60 digits in length. Phone numbers and Standard 
pulse dialing or Touch Tone DTMF dialing are user programmable via the 
system's keyboard or Touch Tone phone. Further, the autodialer shall be 
capable of connecting, via a single serial interface cable, to a variety of 
Programmable Logic Controllers (PLCs), Distributed Control Systems (DCSs) 
& SCADA systems. Serial interfacing methods shall incorporate commonly 
used standard industrial network protocols such as Modicon, Inc. Modbus RTU 

Solid State Voice Message Recording 
and Playback 
The unit shall have two different categories of speech message capability, all 
implemented with permanent non-volatile solid state circuitry with no 
mechanical tape mechanisms. The unit shall allow for message recording from a 
remote telephone as well as from the front panel. 

User Field Recorded Messages 
The user may record and re-record his own voice messages, for each input 
channel and for the Station ID. 

I. There shall be no limit on the length of any particular message, within the 
overall available message recording time, which shall be 409 seconds for 
36 total channel units and 624 seconds for 57 total or more channel units. 

2. The unit shall allow selective recording of both Normal and Alarm 
advisory messages for each input channel. 

3. The unit shall provide for automatic setting of the optimum speech 
memory usage rate for the total set of messages recorded, in order to 
achieve optimum recording sound quality. 

4. Circuit board switches or jumper straps shall not be acceptable means of 
manipulating message length or recording rates . 
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Permanent ~esident Non-Recorded Messages 
Permanent built-in messages shall be included to support user programming 
operations, to proJide supplemental warning messages such as advising that the 
alarms have been aisabled, and to allow the unit to be fully functional even 

I 
when the installeTas not recorded any messages of his own. 

Local & Remote Programming 
I 

Capabilities 
The user may optibnally elect to alter the following parameters from their 
standard normal dbrault values via keyboard entry or remotely from any Touch 
Tone phone. I 

Alarm Call Groupi1g 

Alarm response del~y 
Delay between ala$ call outs 

Alarm reset time: I 
Incoming ring resp<jmse (answer) delay 

Input alarm criteria 

Autocall Test 

Run Time Meter 

Remote system miGrophone activation. 
Remote and local ahning and disarming 
ofsystem. I 
Pulse Totalizer Function. 

1-2 

On alarm, system shall selectively call the 
correct phone numbers according to the 
current alarm(s). 

.I to 9999.9 seconds. 

.1 to 99.9 minutes. 
0.1 to 99 hours or "NO RESET". 
1 to 20 rings. 

Each channel shall be independently 
configured for "Normally Closed," 
"Normally Open," "No Alarm," or 
"Disabled." 

When enabled, the unit shall place a single 
round of test calls, both at the time this 
function is enabled and also at regular 
subsequent intervals until this function is 
disabled at the keyboard. 
Selected physical channel inputs shall 
accumulate and report the number of hours 
that its input contacts have been closed. 

Selected physical input channels shall be 
capable of counting pulses of up to 1OOHz. 
at 50% duty cycle. 
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• 1.4 

1.5 

1.6 

• 

• 

Verbatim Autodialer Specifications 

Nonvolatile Program Memory Retention 
User-entered programming and voice messages shall be kept intact even during 
power failures or when all power is removed for up to ten years. 

Acknowledgment 
Acknowledgment of an alarm phone call is to be accomplished by pressing a 
Touch Tone® "9" as the alarm call is being received, and/or by returning a 
phone call to the unit after having received an alarm call. 

Remote (PLC) Channel Monitoring 
Function 
The unit shall continuously scan all properly configured Remote Channels. The 
unit shall monitor remote channels which physically reside in other industrial 
equipment interfaced to the Verbatim via the serial interface. The unit shall be 
capable of interfacing to at least two PLC networks simultaneously. The unit 
shall be capable of monitoring any PLC data register regardless of register type, 
whether digital, analog, input, output or status point. Alarm criteria shall be 
settable according data register type. For digital remote channels, alarm criteria 
shall be settable for normally '0' or normally '1 '. For analog remote channels, 
both a high setpoint and a low setpoint alarm criteria shall be settable. 
Violation of alarm criteria at any remote channel shall cause the unit to go into 
alarm state and begin dial-outs. All remote channel alarm criteria shall be 
settable either at the front panel of the unit of over the telephone using touch
tone commands. The unit shall be capable of writing data to any PLC data 
register to which writing data is a legal operation. The unit shall monitor any 
failure of the active serial communications channels. Upon failure of any 
communications channel the unit shall enter the alarm state and begin dial-outs. 
The unit shall be capable of transferring data between one remote channel on 
one serial communications network and another remote channel on a second 
serial communications network. The unit shall also be capable of transferring 
data between remote channels on a serial communications network and physical 
channels within the unit. The unit shall be optionally upgradable to incorporate 
provision for 32, 64 or 96 total remote channels . 
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1.7 

1.8 

1.9 

1.10 

Verbatim Autodialer Specifications 

I t M l.t . F t· npu Orl onng unc 10n 
The unit shall continuously monitor the presence of AC power and the status of 
four contact closu~e inputs. Unit shall optionally be field upgradeable to incor
porate a total of sJ 16, 24, or 32 dry contact inputs. AC power failure, or 
violation of the al~rm criteria at any input, shall cause the unit to go into alarm 

I 

status and begin dial-outs. Unit shall, upon a single program entry, automati-
cally accept all input states as the normal non-alarm state, eliminating possible 
confusion about Jiormally Open versus Normally Closed inputs. Further, as a 
diagnostic aid, unit shall have the capability of directly announcing the state of 
any given input aJ currently "Open Circuit" or "Closed Circuit," without 
disturbing any m~ssage programming. Each input channel shall also be indepen
dently programmJbJe, without need to manipulate circuit board switches or 
jumpers, as Normklly Open or Normally Closed, or for No Alarm (Status Only), 

I 

or for Pulse Totalizing, or for Run Time Metering. 

Run Time Meter Inputs 
Any dry contact ikput can be programmed to accumulate and report the number 
of hours their resdective input circuits have been closed. Any such channels will 
never cause an aiJrm, but on inquiry will recite the channel's message accord-

1 

ing to the status of the input and then report the closed circuit time to the tenth 
of an hour. The in~ut will accumulate and report in tenths of hours up to a total 
accumulated runillng time of99,999.9 hours. The initial value ofthe Run Time 
Meter shall be prdgrammable in order to agree with existing electromechanical 
Run Time Meters[ Up to a total of 8 Run Time Meters may be programmed. 

Pulse Totalizer Inputs 
Any dry contact ibput can be programmed to accumulate the number of pulses 
(momentary condct closures) occurring at the input. The maximum input pulse 
rate must not excJed 100 pulses per second, and if the rate is over 50 pulses per 

I second, the pulses must have a 50% duty cycle. The user shall be able to 
program an initia~ starting value and a scale factor for each pulse totalizer input. 
The pulse totalize~ input shall cause an alarm call upon reaching a user defmed 
alarm setpoint. 

Alarm Message 
Upon initiating aJ alarm phone call, the system is to "speak" only those chan
nels that are curr~ntly in "alarm status". 
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1.12 

1.13 

• 1.14 

1.15 

1.16 

• 

Verbatim Autodialer Specifications 

Communications Protocol 
The unit shall interface to standard networks commonly used in industrial 
installations. The unit shall be capable of network communications using the 
Mod bus R TU protocol. 

Diagnostics 
The unit shall include user commands to execute diagnostics of the PLC 
network to determine the health of the network. The unit shall inform the user 
of the length of scan time for the set of all configured remote channels. The unit 
shall provide a complete verbal report of all programmable functions and their 
programmed values on command form any remote Touch Tone phone. 

Speakerphone 
The unit shall be capable of dialing any phone number on command and func
tion as a speakerphone. 

Inquiry Message and Function 
Inquiry phone calls can be made directly to the unit at any time from any tele
phone, locally or long distance, for a complete status report of all variables 
being monitored, including power status. 

Power Battery Backup 
Normal power shall be 105-135 VAC, 15 watts nominal. The product is to 
contain its own gel cell ·rechargeable battery which is automatically kept 
charged when AC power is present. The system shall operate on battery power 
for a minimum of 13 continuous hours in the event of AC power failure. A 
shorter backup time shall not be acceptable. The built-in charger shall be 
precision voltage controlled, not a "trickle charger," in order to minimize 
recharge time and maximize battery life available. 

Phone Line 
The autodialer is to use a standard rotary pulse or Touch Tone "dial-up" phone 
line (direct leased line not to be required) and is to be F.C.C. approved. Connec
tion to the telephone is through a 4-pin modular jack (RJ-11) . 
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1.17 

1.18 

1.19 

1.20 

1.21 

Verbatim Autodialer Specifications 

the main circuit btard shall not be an acceptable substitute. The installer shall • 
provide a good electrical ground connection point near the unit to maximize the 
effectiveness of t~e surge protection. 

Local Data Logging 
The system shall Jnclude a parallel printer interface for local data Jogging. The 
local printer will Jutomatically print out, with date and time stamp, each activity 
that occurs; alarmk, acknowledgements, programming entries, inquiry calls, 
etc .. For the purpdse of easy program review the user shall be able to printout 
on demand all usdr entered programming. 

Public Address Broadcast 
The standard dial~r shall provide a mini phone jack for optional connection to a 
local public address system. If connected to the P A system the dialer shall 
broadcast all alanh messages over the PA system and the telephone simul
taneously. 

Integral Surge Protection 
All power, phone !line, dry contact, and analog signal inputs shall be protected 
at the circuit boa1d to IEEE Standard 587, category B (6,000 volts open circuit/ 
3,000 amps closed circuit). Gas tubes followed by solid state protectors shall be 
integral to the cirtuit board for each such line. Protectors mounted external to 
the main circuit b:oard shall not be an acceptable substitute. The installer shall 
provide a good electrical ground connection point near the unit to maximize the 

I 

effectiveness ofthe surge protection. 

Warrant~ 
The dialer shall bf covered by a five (5) year warranty covering parts and labor 

performed at the ractory. 

Modular Upgrades 
The system shalllinclude expansion connectors to accommodate field upgrades 
for additional internal dry contact inputs, remote supervisory control outputs, 
and internal anal . g inputs, CDL, SCADA. 
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1.23 
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• 

Verbatim Autodialer Specifications 

Additional Features: Sealed Switches, 
LED Indicators, Alarm Disable Warning, 
TalkThrough 
All keyboard and front panel switches shall be sealed to prevent contamination. 
Front panel LED's shall indicate: Normal Operation, Program Mode, Phone 
Call in Progress, Status for each channel, AC Power Present, AC Power Failure, 
and Low, Discharging or Recharging Battery. On any Inquiry telephone call or 
On Site status check, the voice shall provide specific warning if no dial out 
phone numbers are entered, or if the unit is in the "alarm disable" mode, or if 
AC power is off or has been off since last reset. A built-in microphone shall 
allow anyone at a remote phone to listen to local sounds and have a two-way 
conversation with personnel at the dialer. 

Special Order Items 
The following options shall be available on specific order: 

a) 4, 12, 20, or 28 extra contact channels (8,16,24, or 32 respectively, total.) 

b) 32, 64, 96 remote channels 

c) I, 4, 8, or 16 analog channels . 

d) Remote supervisory control ( 4 or 8 outputs). 

e) Cellular telephone communications. 

f) Radio communications interface. 

g) NEMA 4X (sealed) enclosure. 

h) Thermostatically controlled heater. 

Specifications subject to change without notice . 
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Worksheets 

Worksheet A Programming 
Part 1: Phone Number Programming 

2-Digit I Use I Phone Number I Person 
Phone Number Program (Including any necessary 
Designation Code prefixes or area codes) 

01 (First) 701 

02 (Second) 702 

03 (Third) 703 

04 (Fourth) 704 

05 (Fifth) 705 

06 (Sixth) 706 

07 (Seventh) 707 

08 (Eighth) 708 

09 (Ninth) 709 

10 (Tenth) 710 

II (Eleventh) 711 

12 (Twelfth) 712 

13 (Thirteenth) 713 

14 (Fourteenth) 714 

15 (Fifteenth) 715 
16 (Sixteenth) 716 

Part 2: Optional Programing 
Record of any optional programming to alter selected parameters from their normal 
default values. (Sample highlighted) 
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Worksheets 

• Worksheet B Alarm Call Grouping Programming 

• 

• 

Purpose: To "link" certain input channels to call only selected phone numbers. 

See Section 6.2.13 

Part 1: Group Description Naming 
As an organizational step, write in a Group Description Name (Electrical, Security, etc.) for each 
of your phone number groups, and the two-digit designation number of the phone numbers you 
want included in each group. Refer to the filled-in example below. This should be done only 
after you have already entered your entire list of up to 16 phone numbers on Worksheet A. 
(Sample highlighted) 

Maintenance 

Electrical 

Security 

Verbatim Owner's Manual 

2-Digit Phone # 
Designation 

(Taken from Worksheet A) 

01, 04, 05, 06 

03,04 

02,05 

J-3 



Worksheets 

Worksheet B Alarm Call Grouping Programn1ing Cont. 

Part 2: Linking Channels To Groups 
For each input channel that you wish to have "linked" to one of your groups, write in your 
chosen Group Description Name (Electrical, etc.), and the corresponding set of2-digit Phone 
Number Designations which you established above. Finally, write in these same sets of2-digit 
codes, without the separating commas, to the right ofthe printed program code (501, etc.). This 
establishes the complete program code to enter for each channel that you want "linked" to call 
only a selected group of phone numbers. (Sample highlighted) 

The filled-in sample, below, is for an 8-channel unit. Three groups were established, and 5 of 
the channels were linked to a group. The remaining 3 channels were not linked to any group, 
and therefore, those 3 "unlinked" channels would dial the entire list of phone numbers in regular 
order. 

01 

02 

03 

04 

05 

06 

01 

OB 

/ Note: 
Any channels that you do not enter such a program code for, will cause 
dialing of the entire list of phone numbers, when that channel goes into alarm . 

L. k d t G I Corresp. Phone # Program Code to m e o roup . 
Des1g's Est. Above Enter 

Security 02,05 5,(!1902 05. 

Security 02,05 502902.05 : 

Electrical 03,04 50390304 

Maintenance 01, 04, 05, 06 504 9 01 04 05 06 

:585-9 . . 

Eiectrical 03,04 50690304 

56i-9 

-- 568-9 
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Worksheets 

• Worksheet B Alarm Call Grouping Programming Cont. 
(Page 1 of6) 

' - -,, ' \" & 
_, 

' ' ' ; 
-, 

· ·Internal 
, ln~ut Linked to_ Group 

Corresp. Phone # Program Code to · 
De!?ig's Est~ Above'· Enter " 

.Cha~nels 
,- -

~;~~ ~ • ' 7' 't # 'i 
;· ,_ ' A '' .; 

' ' ' ' 

OJ 5019 

02 502 9 

03 503 9 

04 504 9 

05 505 9 

06 506 9 

07 5079 

08 508 9 

09 5099 

10 5109 • 11 5119 

12 512 9 

13 513 9 

14 514 9 

15 515 9 

16 516 9 

17 517 9 

18 5189 

19 519 9 

20 520 9 

21 5219 

22 522 9 

23 523 9 

24 524 9 

• 
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Worksheets 

Worksheet B Alarm Call Grouping Programn1ing Cont. 
(Page 2 of6) 

Internal 
Input 

Channels 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

5259 

526 9 

5279 

528 9 

529 9 

530 9 

5319 

532 9 

533 9 

534 9 

535 9 

536 9 

5379 

538 9 

539 9 

540 9 

5419 

542 9 

543 9 

544 9 

545 9 

546 9 

5479 

548 9 
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Worksheets 

• Worksheet B Alarm Call Grouping Programming Cont. 
(Page 3 of6) 

Remote 
Linked to Group 

Corresp. Phone # Program Code to 
Channels Desig's Est. Above Enter 

OJ 45019 

02 4502 9 

03 4503 9 

04 4504 9 

05 4505 9 

06 4506 9 

07 45079 

08 4508 9 

09 4509 9 

10 45109 

• 11 45119 

12 4512 9 

13 4513 9 

14 4514 9 

15 4515 9 

16 4516 9 

17 45179 

18 4518 9 

19 4519 9 

20 4520 9 

21 45219 

22 4522 9 

23 4523 9 

24 4524 9 

• 
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Worksheets 

Worksheet B Alarm Call Grouping Programn1ing Cont. 
(Page 4 of6) 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

J-8 

Program Code to 
Enter 

4525 9 

4526 9 

4527 9 

4528 9 

4529 9 

4530 9 

45319 

4532 9 

4533 9 

4534 9 

4535 9 

4536 9 

4537 9 

45389 

4539 9 

4540 9 

45419 

4542 9 

4543 9 

4544 9 

4545 9 

4546 9 

45479 

4548 9 
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Worksheets 

• Worksheet B Alarm Call Grouping Programming Cont. 
(Page 5 of6) 

Remote 
Linked to Group 

Corresp. Phone # Program Code to 
Channels Desig's Est. Above Enter 

49 4549 9 

50 45509 

51 45519 

52 4552 9 

53 4553 9 

54 4554 9 

55 45559 

56 4556 9 

57 4557 9 

• 58 4558 9 

59 4559 9 

60 4560 9 

61 45619 

62 4562 9 

63 4563 9 

64 4564 9 

65 4565 9 

66 4566 9 

67 45679 

68 4568 9 

69 4569 9 

70 4570 9 

71 45719 

72 4572 9 

• 
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Worksheets 

Worksheet B Alarm (Jail Grouping Progran1ming Cont. • (P age 6 of6) 

. ' ··;.. 
" "' h !? ' ,·, ~ ' 

. ,.. 
·~ t ' ,'! ~ ·;~-

.-~-iii ~ 
•l • 

~.~m 
.. ~-{®~ ~ ~@ta1~·.· ·f3:ifnlr ' '· 

, • , I \ ~.~ ·~ > 

" : • " ~ Ji • ·' 

73 I 4573 9 

74 I 4574 9 

75 I 4575 9 

76 I 4576 9 

77 I 45779 

78 I 4578 9 

79 I 4579 9 

80 I 45809 

81 I 45819 

82 I 4582 9 

83 I 4583 9 • 
84 I 4584 9 

85 I 4585 9 

86 I 4586 9 

87 I 45879 

88 I 4588 9 

89 I 4589 9 

90 I 4590 9 

91 45919 

92 4592 9 

93 I 4593 9 

94 I 4594 9 

95 I 4595 9 

96 I 45969 

• 
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Worksheets 

• Worksheet C Message Planning & Recording (Page 1 of 11; 

Input Channel 

I 
Program 

I 
I Approx. Message 

Code 
Message Content 

Length 
Designation 

Station ID 100 

Ch OJ Alarm 101 

Ch 01Normal 201 

Ch 02Alarm 102 

Ch02Normal 202 

Ch 03Alarm 103 

Ch OJ Normal 203 

Ch 04 Alarm 104 

Ch04Normal 204 

Ch 05Alarm 105 

Ch05Normal 205 
'' 

Ch 06Aiarm 106 

Ch 06 ,Normal 206 

Ch 07 Alarm 107 • Ch 07Normal 207 

Ch 08Aiarm 108 

Ch 08. Normal 20~ 

Ch 09Aiarm 109 

Ch09f'Vormal 209 
~· 

Ch lOA/arm 110 

ChlONormal 210 

Ch 11 Alarm Ill 

eli 11 Nonnal 211 ' 

Ch 12 Alarm 112 

Chi1Normal 212 

Ch 13 Alarm 113 

~13Normal 213 ~ 

Ch 14Alarm 114 

Ch 14. Normal 114 
" · .. 

.. ' .. 

• Total estimated recorded message length in seconds, this page ____ _ 
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Worksheets 

Worksheet C Message Planning & Recording (Page 2 of 11J • 
Input Channel 

Program Approx. 
Message 

Code 
Message Content 

Length 
Designation 

Ch 15 Alarm 115 

Ch 1.5 Normal· 215 

Ch 16Alarm 116 

Ch 16Normal 216 .. 

Ch 17 Alarm 117 

Ch 17Normal 217 : 
·• 

Ch 18Alarm 118 

Ch i8Normal 218 

Ch 19Alarm 119 

Ch 19Normal 219 
.. 

Ch 20Alarm 120 

Ch 20 Normal · · 220 
: 

Ch 21 Alarm 121 
.. 

Or 21 Normal . · 221 • .. 

Ch 22Alarm 122 

Ch 22 Normal." 222· 
.. •·· 

.. 
: .. 

Ch 23 Alarm 123 

Ch23Normal 223 
; ' '.' 

... .. ; 

Ch 24 Alarm 124 

Ch24Normal 124 
.. : 

.. 

Ch 25 Alarm 125 
. . ... 

Ch 15Normal 225. 

Ch 26Alarm 126 
.. 

Ch 26 Normal. 226 
: .. .. .. 

Ch 27 Alarm 127 

Ch 17 Normal · 12r 
... ; 

.. 
Ch 28 Alarm 128 

Ch28Normal 128 

Total estimated recorded message length in seconds, this page • 
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Worksheets 

• Worksheet C Message Planning & Recording (Page 3 of 11) 

Input Channel p 
rogram 

Message C d 
0 . t. o e es1gna 1on 

Ch 29Alarm 129 

Ch29Normal 229 

Ch 30Alarm 130 

Ch30Normal 230 .. 

Ch 31 Alarm 131 

Ch31Normal 231 

Ch 32Alarm 132 

Ch32Normal 

Ch 33 Alarm 

Ch33Normal 

Ch 34Alarm 

C.h 34 Normal 

• Ch 35 Alarm 

Ch Normal 

Ch 36Alarm 

Ch36Normal 

Ch 37 Alarm 

A37Normal· 

Ch 38 Alarm 138 

CJi 38 Normal .238 

Ch 39Alarm 139 

Ch_i9 Normal 239 

Ch 40Alarm 140 

Ch. io Normal 240 

Ch 41 Alarm 141 

Ch 41Normal 241 

Ch 42 Alarm 142 

Q.:12Normal .. ,242 

• Total estimated recorded message length in seconds, this page ____ _ 
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Worksheets 

Worksheet C Message Planning & Recording (Page 4 of 11) • 
Input Channel I p I r ram rox. Me:ssa~e ~e Message Content ~!gth 
Designation 

Ch43Aiann 143 

43Normal · 243 

Ch44Aiann 144 

Ch44Normal 244 

Ch45Aiann 145 

Ch 45 Norrluil 245 

Ch46Alartn 146 

Ch46Normal 246 

Ch47Aiann 147 

Ch47Normal 247 

Ch48Aiann 148 • Ch48Normal 248 

NET1ID 41001 

Ch01Aiann 4101 

ChOJNormal 4201 

Ch02Aiann 4102 

Ch02Normal 4202 

Ch03Aiann 4103 

03Nomuzl 4203 

Ch04Aiann 4104 

Ch04Normal 4204 

Total estimated recorded message length in seconds, this page ___ _ 
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• Worksheet c Message Planning & Recording (Page 5 of II) 

Total estimated recorded message length in seconds, this page ____ _ 

• 
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Worksheets 

Worksheet C Message Planning & Recording (Page 6 of 11) • 

Total estimated recorded message length in seconds, this page ____ _ 

• 
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Worksheets 

• Worksheet C Message Planning & Recording (Page 7 of 11) 

• 

• 

Remote 
Channel 
Message 

Designation 

Ch 31 Alarm 4131 

Ch 31 Normal 4231 

Ch 31 Alarm 413 2 

Ch 32 Nornud 4232 

Ch 33 Alarm 4 13 3 

Ch 33 Normal 4233. 

Ch 34 Alarm 413 4 

Ch 34 Normal 4234 

Cll 35 Alarm 4135 

4235 

4136 

4236 

Ch 37 Alarm 4137 

Ch 37 Nornud 4237 

Ch 38 Alarm 4138 

Ch 38 4238 

Ch 39 Alarm 4139 

4239 

Ch 40 Alarm 4140 

Ch 40 

Ch 41 Alarm 4141 

Ch 41 Normal 4241 

Ch 42 Alarm 4142 

Ch 42 Normal 4242 

Ch 43 Alarm 4143 

Ch 43 ·Nortital 4243 

Ch 44 Alarm 4144 

Ch 44. Normal 4244 

Ch 45 Alarm 4145 

Ch 4245 

-' .. ,-

Total estimated recorded message length in seconds, this page ____ _ 
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Worksheet C Message Planning & Recording (Page 8 of 11) • 
Ch 46Aiarm 4146 

Ch 46Normal 4246 

Ch 47 Alarm 4147 

Ch 47Normal 4247 

Ch 48 Alarm 4148 

Ch 48Noimal 4248. 

Ch 49Aiarm 4149 

Ch 49Normal·. 4249 

C/1 50 Alarm 4150 

Ch 50 Normal · 4250 

Ch 51 Alarm 4151 

Ch 51 Normal:· 4251 • . - - -

Ch 52 Alarm 4152 

Ch 52 Norma/.. 4252 

Ch 53 Alarm 4153 

C!J 53 Normal . 4253. 

Ch 54 Alarm 4154 

Ch 54 Normal ·· 4254 ·-·-
.. 

Ch 55 Alarm 4155 

Ch 55 Normal . 4255 

Ch 56 Alarm 4156 

Ch56Normal 4256 

Ch 57 Alarm 4157 

Ch 57 Normal 4257 

Ch 58 Alarm 4158 

Ch 58 Normal 4258 

Total estimated recorded message length in seconds, this page ____ _ 
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Worksheets 

• Worksheet C Message Planning & Recording (Page 9 of 11J 

Ch 59 Alarm 4159 

Ch59Normal 4259 

Ch 60Alarm 4160 

Ch 60Normal 4260 

Ch 61 Alarm 4161 

Ch 61 Normal 4261 

Ch 61 Alarm 4162 

Ch 62Normal 4262. 

Ch 63 Alarm 4163 

Ch 63Normal 4163 

Ch 64Alarm 4164 

• Ch 64Normal 4264 

Ch 65Alarm 4165 

Ch 65Normal 4265 

Ch 66Aiarm 4166 

Ch66Normal 4266. 

Clr 67 Alarm 4167 

Ch 67 Normal 4267. 

Ch 68Alarm 4168 

Ch 68Normal 4268 

Ch 69Alarm 4169 

Ch 69Normal 4269 ... 

Ch 70Alarm 4170 

Ch 70Normal 4270 

Ch 71 Alarm 4171 

Ch 71 Normal 4271 .. 
: 

Total estimated recorded message length in seconds, this page ____ _ 
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Worksheets 

Worksheet C Message Planning & Recording (Page 10 of 11) • 
Ch 72Alarm 4172 

Ch 72Normal 4272 

Ch 73Alarm 4173 

Ch 73Normal 4273 

Clr 74 Alarm 4174 

Ch 74Normal 4274 

Ch 75Alarm 4175 

Ch 75Normal 4275 

Ch 76Aiarm 4176 

Ch 76Normal 4276' ·-

Ch 77 Alarm 4177 • Ch 77Normal 4277 

Ch 78 Alarm 4178 

Ch 78Normal 4278 

Ch 79Aiarm 4179 

Ch 79Normal 4279 

Ch BOA/arm 4180 

Ch 80Normal 4280 

Ch 81 Alarm 4181 

Ch 81 Normal 4281 

Ch 82Aiarm 4182 

Ch 82Normal 4282 

Ch 83Aiarm 4183 

Ch 83Normal 4283 

Ch 84Aiarm 4184 

al 4284 

Total estimated recorded message length in seconds, this page ____ _ 
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Worksheets 

• Worksheet C Message Planning & Recording (Page 11 of 11) 

• 

• 

Ch 85 Alarm 4185 

Ch85Normal 4285 

Ch 86Alarm 4186 

Ch 86Normal 4286 

Ch 87 Alarm 4187 

Ch87Normal 4287 

Ch 88Aiarm 4188 

Ch 88Normal 4288 

Ch 89Alarm 

Ch89Normal 4289 

Ch 90Alarm 4190 

Ch 90Normal 4290 

Ch 91 Alarm 4191 

Cit 91 Normal 4291 

Ch 92 Alarm 4192 

Ch 92Normal 4292 

Ch 93 Alarm 4193 

Ch93Normal 4293 

Ch 94Aiarm 4194 

Ch 94Norma/ 4294· 

Ch 95 Alarm 4195 

Ch 95Normal 4295 

Ch 96A/arm 4196 

Ch 96Normal 4296 

Total estimated recorded message length in seconds, this page 

See next page to complete calculations 
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Worksheets 

Worksheet C Message Planning & Recording Calculations: 

Total estimated recorded message length in seconds, page II of 11 ___ _ 
Total estimated recorded message length in seconds, page I 0 of 11 ___ _ 
Total estimated recorded message length in seconds, page 9 of II ___ _ 
Total estimated recorded message length in seconds, page 8 of 11 ___ _ 
Total estimated recorded message length in seconds, page 7 of II ___ _ 
Total estimated recorded message length in seconds, page 6 of II ___ _ 
Total estimated recorded message length in seconds, page 5 of II ___ _ 
Total estimated recorded message length in seconds, page 4 of II ___ _ 
Total estimated recorded message length in seconds, page 3 of II ___ _ 
Total estimated recorded message length in seconds, page 2 of 11 ___ _ 
Total estimated recorded message length in seconds, page I of II ___ _ 

Total estimated recorded message length in seconds, all pages ____ _ 
See Code 912 for alternate method of timing spoken messages. 

/ Note: 

For any channels that you have programmed for Status Report Only or for 
Run Time Metering, the message to be spoken on Open Circuit input is 
recorded with the Program Code ordinarily used for the Alarm Message; 
the message to be spoken on Closed Circuit input is recorded with the 
program code ordinarily used for the Normal Message. 
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Annunciator Sequences and 
Options 

This appendix discusses Verbatim operations in the context of the ANSI/I SA
S18.1 Annunciator Sequences and Specifications standard. It also describes the 
options available for configuring the Verbatim to support a variety of sequence 
models. This information will be useful for users needing calling sequences 
different from the one discussed in Section 5. 

Note that the ANSI specification uses slightly different terminology from that 
used here and elsewhere in this manual. Hopefully, this won't cause much 
confusion. 

One concept central to this discussion is that of channel state. At any given 
time every armed channel is in one ofthe following 5 states: normal, alarm, 
acknowledged alarm, return to normal (RTN), acknowledged RTN. The precise 
meaning of these terms will be clarified later on. 

The term annunciator state is used here to describe the actions and indications 
of the Verbatim . These include LED illumination, voice reporting and status 
logging. 

An annunciator sequence consists of specifying how transitions between the 
channel states occur and how they impact the annunciator state. The Verbatim 
supports three distinct types of annunciator sequences. These are each discussed 
in the subsections below. The next several paragraphs discuss the properties 
they all share in common. 

The normal, alarm and RTN states are determined by comparing the channel's 
value with the criteria· settings. A transition into these states requires that the 
condition persist for a time period referred to as the alarm trip delay. This 
provides hysteresis, or debouncing between the real-world signals and the 
channel state. 

The two acknowledged states are determined by operator actions. 
Unacknowledged alarms and RTNs transit to the acknowledged states by 
pressing keys on the front panel or entering DTMF tones over the phone. 

The Verbatim gives visual indications for the state of each channel or group of 
channels. If normal, the LED is OFF. When alarmed, the LED is blinking. 
When acknowledged the LED is steady ON. The visual indications for the RTN 
states are sequence dependent, and described later. 
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Audible indications for the channel states are also given. These take the form of • 
voice reports either from the speaker or over the phone. These reports may be 
requested at any time by pressing the CHECK STATUS key, or phoning the 
unit. 

Whenever any channel is in the unacknowledged alarm or RTN state, the 
Verbatim will solicit acknowledgment by phoning personel. The calling 
sequence itself is determined by the alarm call grouping and alarm ready 
scheduling configuration. 

All audible indications can be silenced by pressing the ARM/DISARM key on 
the front paneL This action will also always acknowledge all unacknowledged 
conditions. Also, all annunciator state transitions and actions are suspended 
whenever the box is in program mode. Channel state transitions will still occur. 

The annunciator state may at any time be completely reset by pressing the 
ARM/DISARM key twice. This action will also reset the state of each channel. 

In terms of ANSI liSA -S 18.1, there is one more property that all Verbatim 
annunciator sequences share: there is no support for the first out sequence 
designations (F1, F2, F3). Groups of alarms and RTNs are always registered, 
reported and reset without regard to which one tripped out first. 

Standard Annunciator Sequence {Manual 
Reset) 
This section describes the default annunciator sequence used by the Verbatim . 
It is a minor variant of the ANSI/ISA-Sl8. 1 designation M-1 (Manual Reset with 
silence pushbutton). It may be configured by entering code 923 1 in program 
mode. 

Operations in this sequence are detailed in Section 5. Briefly, channel states 
transit from normal to alarm when criteria violations persist for the trip delay. 
The alarm state is then locked in until acknowledgment is made. The transition 
from acknowledged back to normal happens upon manual reset or expiration 
of the alarm reset timer. The RTN states are omitted from the sequence. 

The annunciator states include only those visual and audible indications 
described above. Also, the annunciator sequence follows the transitions 
described there too. 

This sequence differs from the vanilla M-1 designation in two ways. The first 
involves the operation of the automatic reset timer. The true M-1 sequence is 
obtained by turning the alarm reset timers off (code 922). The second 
distinction involves configurations where no phone numbers are programmed. 
Here the transition from alarm to acknowledged happens automatically and 
immediately. There are never any audible or visual indications of the 

• 

unacknowledged state. This sequence has ANSI designation M-1-5-6. • 
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Clear On Return To Normal 
(Automatic Reset) 
This section describes annunciator sequence options that are variants of the 
ANSI designation A-1 (automatic reset with silence pushbutton). The main 
distinction of these from the M-1 sequence is that the alarm state is 
automatically reset when the channel enters the RTN state. The Verbatim 
sequences in this category differ amongst themselves mainly in when this 
RTN transition is allowed to occur. 

The basic A-1 sequence is obtained by executing code 923 3. Channel states 
transit from normal to alarm when criteria violations persist for the trip delay. 
The alarm state is then locked in until acknowledgment is made. If no phone 
numbers are configured, then this transition happens automatically and 
immediately (A-1-5-6). Otherwise, operator action is required. The transition 
from acknowledged back to normal happens via manual reset or expiration of 
the alarm reset timer. It also happens whenever the criteria violation for an 
acknowledged alarm returns to normal. 

Designation A-1-4 is obtained by code 923 2. This sequence differs from A-1 
only in that the unacknowledged alarms are not locked in. All visual and 
audible indications are automatically reset whenever the criteria violations 
return to normal for the trip delay period. 

A minor variant of A-1-4 is obtained by code 923 4. Here, the indications for 
an acknowledged alarm will not be reset until it has been reported once, 
regardless ofRTN status. Unacknowledged alarms will be reset completely 
without any lock-in whatsoever. 

The implementation of these A-designates involves one wrinkle. The check for 
RTN condition is not performed continuously, but rather only at specific times. 
Hence, changes that happen in the midst of a report may not be reflected in the 
annunciator state until some time later. 

Report Return To Normal (Ringback) 
This section describes the annunciator sequence option that provides explicit 
indications ofRTN conditions. This is a variant of the R-1-8 designation 
(ringback with silence pushbutton and common ringback audible). There are 
two differences between Rand MorA designations. First is that the RTN state 
can be entered only from the acknowledged alarm state. M has no notion of 
RTN at all, and A allows the transition at any time. Second is that R locks in 
R TN states until acknowledged, whereas A immediately resets . 
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A variant of the R-1-8 sequence is obtained by executing code 981 1. • 
Channel states transit from normal to alarm when criteria violations persist for 
the trip delay. The alarm state is then locked in until acknowledgment is made. 
If no phone numbers are configured, then this transition happens automatically 
and immediately (R-1-5-6). Otherwise, operator action is required. 

The transition from acknowledged alarm to unacknowledged RTN is made 
whenever the criteria violation goes away for the trip delay period. The RTN 
state is then locked in until acknowledged. RTN acknowledgment is made in the 
same fashion as alarm acknowledgments. The channel states are reset either 
manually or by expiration of the reset timer. The reset timer begins running 
when the original alarm condition is acknowledged. This means that if a 
sufficiently long interval exists between acknowledgment of the alarm and the 
RTN, then the reset will happen immediately. 

The main differences between this variant and the standard R-1-8 sequence are 
as follows. First, there is no registration of momentary alarms once the RTN 
state is entered. Once the RTN state is acknowledged, no further calls will be 
triggered until the channel is reset. This is to say transitions in the channel state 
may continue, but will not be reflected in the annunciator state. Still, all reports 
will reflect the current state of the channels. Second, there is no visual 
indication for the RTN states. The LEDs will continue to reflect the 
acknowledged alarm status. Third, the silence pushbutton stops all flashing 
LED indications. Fourth, there is the automatic reset timer. 

Unlike the implementation for the A designations, RTN conditions are checked 
continuously for all channels. So long as any unacknowledged alarm or RTN 
condition exists, the Verbatim will be making calls. Alarm conditions have 
priority. Hence, if an alam1 is one call group and an R TN is in another, no calls 
will be placed to the RTN group until the alarm is acknowledged. 

If the trigger for a call is an RTN, then the report will explicitly mention this 
before reporting the status of all channels in the group. An R TN report 
mentions RTN conditions only. Any acknowledgment while in RTN calling 
state acknowledges RTN conditions only. In contrast, any operator 
acknowledgment during an alarm call will also acknowledge all RTNs. But, 
the alarm reports do mention all unacknowledged RTN conditions. 

If a new alarm occurs on any channel while in the RTN calling state, a change 
from RTN to alarm calling will occur as soon as possible. This can happen no 
sooner than the completion of any report in progress. Such reports may or may 
not include mention of the new condition depending on whether that channel 
has already been announced. 
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Annunciator Sequence Option Summary 
The following paragraphs provide a concise summary of the available 
annunciator sequence options. The ANSI designator is given, along with the 
Verbatim configuration code, followed by a short functional description. 

M-1: Manual Reset with Silence Pushbutton. 
Code (923 1) 

Alarm states are registered directly from configured criteria without regard for 
return to normal conditions. Alarm states are locked in and dialer will continue 
to call until acknowledged. Acknowledged alarms are reset via automatic timer. 
Total dialer reset andsilence via arm/disarm key. 

M-1-5-6: Manual Reset with Silence Pushbutton, No Flashing, and No 
Audible. 
Code (923 1) - with no phone numbers programmed 

Same as M-1, except the alarm state is immediately converted to acknowledged 
state. 

A-1: Automatic Reset with Silence Pushbutton. 
Code (923 3) 

Same as M-1 except the acknowledged alarm state will be cleared if the channel 
returns to normal. The check for this transition occurs only when all alarms 
have been acknowledged. 

A-1-5-6: Automatic Reset with Silence Pushbutton, No Flashing, and No 
Audible. 
Code (923 3) - with no phone numbers programmed. 

Same as A-1, except the alarm state is immediately converted to the 
acknowledged state. 

A-1-4: Automatic Reset with Silence Pushbutton and No Lock-in. 
Code (9232) 

Same as M-1 except BOTH the acknowledged and unacknowledged alarm 
states will be cleared if the channel returns to normal. The check for this 
transition occurs only in between alarm calls. 

A-1-4 variant: Automatic Reset with Silence Pushbutton, No Lock-in, and 
Single Acknowledge Report. 
Code (923 4) 

Same as A-1-4 except the clearing for the acknowledged alarm can't happen 
until after a single report has been made . 
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R-1-8: Ringback with Silence Pushbutton and Common Ringback Audible. 
Code (981 1) 

Alarm and Return to normal states are registered from criteria and locked-in. 
Dialer will continue to call until all alarm and RTN states are acknowledged. 
Acknowledged alam1s and RTNS are reset via automatic timer. Total dialer 
reset and silence via arm/disarm key. 

R-1-5-6: Ringback with Silence Pushbutton, No Flashing, and No Audible. 
Code (981 1) - with no phone numbers programmed. 

Same as R-1-8 except all unacknowledged alarm and RTN states are 
immediately converted to the acknowledged state. 
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ACCESS CODE See Security Access Code. 

ACKNOWLEDGMENT The act of advising the Verbatim autodialer that 
its alarm message has been heard. This is done either by pressing a touch tone 9 
at the prompting beep, or by calling the unit back after the alarm call has ended. 
Once acknowledged, further activity on that particular channel will not cause 
further dialing until the expiration ofthe Alarm Reset Time. See Section 5.1, 
"Placing Inquiry Calls to the Verbatim autodialer," and Section 5.5, 
"Acknowledging the Alarm Call." 

ALARM CALL GROUPING Special programming established to cause 
specific input channels to cause dialing of only selected phone numbers. Used 
to provide separate alam1 functions according to category of personnel, such as 
maintenance, security, plumbing, etc. See Section 6.1, "Program Codes." 

ALARM CONDITION For contact input channels, the Alarm Condition is 
the Open or Closed circuit condition opposite to that which was established as 
the Normal Condition for that channel. For example, for a channel programmed 
as Normally Open, the Alarm Condition would be Closed Circuit. Also see 
Violation. See Sections 3.3, "Programming Input Channels" and 5.3, 
"Receiving Alarm Calls." 

ALARM CRITERIA The chosen determination of what will constitute an 
alarm condition (violation) for a given channel. See Normally Closed. 

ALARM READY SCHEDULING A program setting which causes the 
Verbatim autodialer automatically disarm for certain time periods. This 
function prevents the product from sending alarm telephone calls during periods 
when personnel are stationed at the site and are able to deal with the problem 
directly. 

ALARM RESET TIME The period of time, beginning at the moment an 
alarm is acknowledged, during which alarm dialing on behalf of that specific 
channel is suspended regardless of further activity of its input circuit. At the end 
of this period, the Acknowledged Alarm status is cleared for that channel. See 
Section 5.6, "Alarm Reset Timeout After Acknowledgment" and Section 6, 
"Advanced Programming." 

ALARM TRIP DELAY The time required for an input violation to remain 
in violation before the unit trips into the Unacknowledged Alarm state. See 
Section 6, "Advanced Programming." 
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ANALOG Analog signals have variable values of current or voltage, with • 
the specific value generally representing some physical parameter such as water 
level or pressure. The most common type of analog signal is a 4-20 
milliampere current loop, with a transmitter (transducer and associated power 
supply) governing the current in a loop. This current is detected by one or 
more receiving devices in the loop, such as an optional analog input channel on 
a Verbatim autodialer. 

AUTOCALL A special test calling function. When Autocall is turned on, 
the unit places test calls at regular intervals to provide ongoing assurance of 
Verbatim autodialer and phone line operation. See Section 6, "Advanced Pro
gramming." 

AUTODIALER A device which constantly monitors a set of inputs from 
various external sensors, and places outgoing alarm calls when there is an alarm 
condition. It also allows inquiry caiis. 

AUTOEXTEND A unique feature on the Verbatim autodialer which auto-
matically extends the available message recording time as required, selecting 
the optimum speech memory rate for the user's voice message recording. See 
Section 4.2.1, "Verifying/Extending Recording Time." 

CALL BACK See Call Forward. 

CALL FORWARD The unit may be commanded from the panel or over the • 
phone, to place a can to a specific phone number. This is called Call Forward-
ing. If the number called is that of the person commanding the call from a 
remote telephone, then it is termed Can Back. This is typica11y done for test 
purposes. See Section 5.8, "Dialing Out and Conversing Through the Verbatim 
autodialer," and Section 6, "Advanced Programming." 

CALL OUT The action of the Verbatim autodialer placing calls to outside 
per~onnel or facilities. 

CDL (Central Data Logger) The combination of a modem, a serial 
interfaced printer and a special Raco-built interface box is called a Central Data 
Logger (CDL). A Raco autodialer/RTU may be configured to can and log data 
to the CDL printer. CDL RTUs first call the CDL printer to log alarm and 
status information then proceed on to calling personnel by voice. 

CLOSED CIRCUIT CONDITION One of two possible states of a contact 
cJosure input circuit. Closed Circuit is the condition in which the contacts 
complete the electrical circuit connection. Open Circuit is the opposite 
condition, in which the contacts do not complete the electrical circuit 
connection. The Open Circuit condition is electrically equivalent to having no 
connection to the input circuit. A Closed Circuit input will measure zero volts 
DC from the input connection to the common connection point. An Open 
Circuit input will measure 5 volts DC. The Open or Closed Circuit status may 
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also be read without a voltmeter, by use of Program Code 0 ZZ 0, where ZZ is 
the 2-digit channel number. See Section 3.3, "Programming Input Channels" 
and 5.3, "Receiving Alarm Calls". 

COMMON The combined electrical return connection point for all contact 
closure inputs. One side of all contact inputs are connected to Common. Phys
ically, this Common connection point is any of the 4 terminals marked Con 
terminal strip TS 1. The circuit board internally connects Common to the AC 
ground (GREEN) terminal on terminal strip TS3. See Section 2, "Installation." 

DEFAULT Programming values which are built into the unit and remain in 
effect until the user alters them. Also, permanently available speech messages 
which are utilized when the user has not recorded his own messages. 

DELAY BETWEEN DIGITS In some applications, an extra waiting time 
is needed between dialed digits. For example in some PBX systems, a 9 must be 
dialed, followed by a waiting time of several seconds before the main phone 
number may be dialed. See Section 3.2, "Programming Phone Numbers," 
Appendix F, "MODBUS Interface," and Section 6, "Advanced Programming." 

DESIGNATION NUMBER The two-digit "order number" of a phone 
number in the overall set of phone nwnbers programmed. For example, the 
designation number for the third phone number is 03. See Programming 
Worksheet A. See Section 3 .2, "Programming Phone Numbers," 6.1, "Program 
Codes," and 6.2, "Programming Operations." 

DIALER See autodialer. 

DRY Description of a sensor contact circuit that is not connected to any 
power source. 

EXIT DELAY A delay period after a user arms the unit, before the unit will 
actually accept new alarms. Used to allow user to exit a protected entrance 
without tripping the unit into alarm. See Section 6, "Advanced Programming." 

GLOBAL Essentially "over all" or "universal". Programming that simulta
neously sets the same value for all channels, but excluding the Power Failure 
Alarm function. 

GROUPING See Alarm Call Grouping. 

ID MESSAGE See Station ID Message. 

INQUIRY CALL A call placed by personnel to the Verbatim autodialer. 
See Section 5 .I, "Placing Inquiry Calls to the Verbatim autodialer." 

LED A lighted legend indicator on the front panel. 

LINK See Alarm Call Grouping. 

MEMORY USE RATE See Speech Memory Rate. 
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MODEM A device which allows digital data (as opposed to voice) to be 
transmitted between two sites, usually via public telephone lines. In the case of 
a Verbatim autodialer equipped with the CDL or SCADA option, a modem is 
built into the option card so that no external modem is required. 

NETWORK The physical and higher level protocols for a specific vendor's 
PLC data communications. The Verbatim can support a maximum of3 net
works simultaneously. The actual number of networks and type of protocol are 
hardware options. 

NETWORK ADDRESS The concatenation of the network ID, node, and 
PLC address. It is sometimes symbolized by '/net/node/addr' where net is the 
network ID, node is the node address, and addr is the PLC address. The network 
address suffices to uniquely identify any data object which the Verbatim can 
access. 

NETWORK ID A voice message identifying a specific network. By 
default, the message is "Verbatim Net X", where 'X' is a number from 0 to 5. 
Custom messages, such as "Building 320 LAN" may be recorded. See 
'NETWORK' entries below for more details. 

NETWORK 0 Refers to the discrete, analog, and RSC points internal to the 
vss. 

• 

NETWORK 1 Refers to devices connected to the 'NETI' port on the serial • 
communications card. Protocols may vary. 

NETWORK 2 Refers to devices connected to the 'NET2' port on the serial 
communications card. Protocols may vary. 

NETWORK 3 Refers to devices connected to the MBPLUS port on the 
MBPLUS communications coprocessing card. 

NETWORK 4 Refers to devices connected to the Parallel port. 

NETWORK 5 Refers to devices connected to the Modem port on the serial 
communications card. 

NODE The address of a specific PLC on the network. Each PLC is already 
configured with a unique integer as its node address. The Verbatim must also be 
given a unique number as its node address on each network to which it inter
faces. The network ID and node together suffice to uniquely identify any PLC. 

NORMAL CONDITION For contact closure inputs, the Normal Condition 
is that condition (open or Closed Circuit) which normally exists. The opposite 
condition would create an alarm. See Section 3.3, "Programming Input Chan
nels" and 5.3, "Receiving Alarm Calls." 
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NORMALLY CLOSED Describes a monitored "contact type" input signal 
circuit, for which the normal, non-alarm state is associated with the circuit 
being closed (i.e. a completed connection being established between the two 
conductors of the input circuit). An alarm condition causes the circuit to be 
opened (broken), which the Verbatim autodialer would detect and begin placing 
alarm calls. This requires that this input be programmed as Normally Closed on 
the Verbatim autodialer. 

NORMALLY OPEN Opposite of a Normally Closed circuit. The input 
signal is open in the normal, non-alarm state and closes when an alarm occurs. 
This requires that this input be programmed as Normally Open on the Verbatim 
autodialer, which is the default setting for a contact type input. 

NON-VOLATILE MEMORY When AC power fails, the unit continues to 
operate for several hours on its internal Gel Cell battery. When this battery is 
near discharge, the unit automatically turns itself off. However all the user's 
programming and all user recorded messages are kept intact by Non-volatile 
Memory for up to ten years, so when power is later restored, no reprogramming 
or message recording will be required. 

OPEN CIRCUIT CONDITION See Closed Circuit Condition. 

PHYSICAL CHANNEL OR PC Internal inputs are sometimes call 
Physical Channels (PCs). PCs monitor user-supplied external sensors such as 
float switches, limit switches, etc. In most cases, the outputs of logic 
controllers may be connected directly to Physical Channel inputs without the 
need for interfacing relays or other signal conditioning. The normal Verbatim 
inputs, as distinguished from the RCs when necessary. The semantics are such 
that all RCs on network 0 are PCs. 

PLC ADDRESS The data table location of an object within a specific PLC's 
internal memory. The format of the PLC address is vendor dependent. For 
network 0, the PLC address is the physical channel number. 

POWER FAILURE The disappearance of 120 VAC power to the unit. The 
unit will continue to operate under power failure until its internal Gel Cell 
battery is discharged. 

PULSE TOTALIZER The totalizer function accumulates a continuing 
count of the number of cycles of a train of pulses presented to the input. The 
pulses may be in the form of an open and closed circuit, or they may be in the 
form of a 5-volt logic signal. 

RECORDING RATE In the process of digitally recording the user's voice 
messages into speech memory, the message is recorded into memory at one of 
four possible rates. The faster this rate of memory usage, the higher the record
ing fidelity. However, this results in less total available recording time than at 
slower rates. Rate l is the fastest rate giving the best sound quality. The Auto-
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extend feature automatically selects the optimum rate to allow adequate 
recording time for the user's own set of messages at the best possible sound 
fidelity. See Section 4.2.1, "Verifying/Extending Recording Time," and Section 
4.3, "Record Your Messages." 

REMOTE CHANNEL OR RC A Verbatim 110 point whose value mirrors 
the value at some network address. Each active RC is associated with one and 
only one network address. The RC number can be viewed both as a 'speed dial' 
abbreviation for the lengthy network address and as a 'virtual' I/0 point that 
supports alarm criteria. Different RCs can refer to the same network address. 
All data objects referenced by any RC are either 1 or 16 bits in length. 1-bit 
objects are termed "discrete" or "digital" points. 16-bit objects are sometimes 
termed "analog" points even though the data may actually be a discrete counter 
or timer. The type of object is implicit in the RC's network address. This is to 
say, any RC can be either discrete or analog. 

Analog RCs are NEVER scaled to engineering units within the Verbatim 
Gateway. They can only have decimal integer values in the range 0 to 65535. 
Any desired must be done within the PLCs program. Floating point, hexa
decimal, and octal data formats are not supported. 

REPEATS The number of times a series of messages (including Station ID 

• 

message) is spoken when an alarm call is placed. As used here, this number 
includes the first recital of the messages. For example, 3 repeats means 3 times • 
total, not 4. See Section 5.3, "Receiving Alarm Calls" and Section 6.1, 
"Program Codes." 

RING ANSWER DELAY The number of rings required before the 
Verbatim autodialer will answer an inquiry call. See Section 5.3, "Receiving 
Alarm Calls," and 6.1, "Program Codes." 

RTU (Remote Telemetry Unit) A monitoring device, interfaced to a 
communications medium, whose mission is to communicate conditions at a 
remote or inaccessible site. RTUs are usually polled by a central computer on 
some schedule or interval. Additionally, RTUs may request polling to report 
any exceptions such as alarms or other events which require the attention of the 
central computer or its operators. When a Raco Verbatim autodialer is 
configured with the asynchronous communications module it is known as an 
RTU. The Verbatim RTU does not loose any of the basic features of the 
Verbatim autodialer. In addition, the Verbatim RTU is capable of receiving 
polling calls from the Raco SCADA Central Computer. Furthem10re, alarms 
may be communicated to the Raco SCADA Central Computer or to a Raco 
Central Data Logger (CDL) printer. 
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RUN TIME METER A feature which, when turned on, accumulates the 
total number of hours that an input channel is in the Closed Circuit condition. 
Typically used to monitor equipment operation time, particularly alternating 
pump systems. See Section 3.3, "Programming Input Channels," and Section 6, 
"Advanced Programming." 

SCALE FACTOR A translation factor which may optionally be entered in 
conjunction with the Pulse Totalizer function. The spoken Totalizer reading will 
be the actual number of pulses accumulated, divided the programmed scale 
factor. See Section 6, "Advanced Programming." 

SECURITY ACCESS CODE A code optionally programmed by the user at 
the front panel. Once programmed, this code is required in order to perform any 
program operations over the phone. See Section 5.7, "Programming by Phone," 
and Section 6, "Advanced Programming." 

SPEECH MEMORY RATE See Recording Rate. 

STATION ID MESSAGE A message which is always included in all phone 
calls to or from the unit, intended to identify the unit. The default Station ID 
Message is "ID number is 1". See Section 4.1, "Platming Messages" and 4.3, 
"Record Your Messages." 

TIME BETWEEN ALARM CALLS With the unit in Unacknowledged 
Alarm status, the waiting time from the time the unit terminates a given alarm 
call, until the time when the unit again accesses the phone line to place the next 
call. During this interval (default 2 minutes), personnel may call the unit back, 
which will acknowledge the alarm and suspend further calling. See Section 5.4, 
"Continued Dialing in the Absence of Acknowledgment," and Section 6, 
"Advanced Programming." 

VIOLATION For contact closure inputs, a violation (also called Alarm 
Condition) is the Open or Closed Circuit condition which is opposite the 
condition which has been programmed as Normal for that channel. For 
example, if a given input channel is programmed for Normally Open operation, 
then a Closed Circuit is a violation for that input. If the violation persists for the 
Alarm Trip Delay time, the unit will go into Unacknowledged Alarm state and 
begin placing alarm calls. See Section 3.3, "Programming Input Channels," 5.3, 
"Receiving Alarm Calls," and 5.6, "Alarm Rest Timeout After 
Acknowledgment." 
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analog math B-4 
Annunciator Sequence K-1 
Answer mode E-5 
ARM/DISARM (930) 6-25 
audio output H-2 
Autocall Test 6-24, I-2 
Autodialer (DFP) A-1 
Autoextend 4-2, 4-3 

Verbatim Owner's Manual 

B 
battery 

"LOBAT" 8-1 
power backup I-5 
replacement 8-1 
type 8-1 

BAUD RATE 
Allen-Bradley F-17 

c 
Cable 

color codes C-3 
PLC Network Connections G-4 
VBB-1 Serial Cable Connection G-7 
VMB-2 Serial Cable Connection G-5 
VMBM-1 Serial Cable Connection G-6 
VPPC-1 Parallel Cable Connection G-3 
VSER-01 Serial Cable Connection G-2 
VTI 405/505 DCM G-8 

cable length maximums 2-6 
Call Progress Monitoring 6-16, 6-19 
Call Grouping 6-21 
Call-in acknowledgement 5-1 
Callback 6-25 
calling autodialer 5-1 
cancel 3-1 
Cellularm H-20 
channel 

linking to phone numbers 6-21 
phone report 5-5 

channel programming codes 6-3, 6-11 
channel status 

LEOs F-3 
reading codes 6-3, 6-10 
report 5-l 

checking status 5-1 
clear 

acknowledged alarms 6-23 
alarm reset timers 6-23 
selected items 6-27 

clear a program 3-1, 6-1 
clear out operations codes 6-9 
Clearout Operations F-19, F-27 

codes 6-9 
clock 

starting 7-6 
Closed Circuit alarm 3-2 
CMOS inputs 2-2 

Index- I 



Index 

code 
Data Register F-25 
Remote Channel Status F-25 

code 500 3-3 
Code Listing Abbreviations F-10 
codes 

Alarm Call Grouping F-26 
Alarm Trip Delays F-26 
Linking F-26 
Message Recording and Reviewing F-25 
Network Bridging F-26 
programming 6-1 
Remote Channel F-25 
Remote Channel Programming F-25 

COMALARM F-9 
communications errors F-12 
Communications Protocol 7-4, 1-5 
configuration codes 6-3. F-25 
configuring 

data register monitoring F-2 
local alarm H-7 
Remote channels 7-11 

configuring codes 6-1 I 
connecting 

four-channel unit 2-2 
Verbatim to PLC F-1 

connection 
8 or more input unit 2-2 

connector 
36 pin 2-4 

Call Progress Monitoring (CPM) 6-16. 
6-19 

criteria 
alarm 3-3,6-11 

Customer Service 9-4, F-5 

D 
data calls E-5 
data register 

address F-2, F-7 
alarm state F-2 

Data Register Address F-7 
data registers 

reading, writing F-1 
data table addresses F-1 
Data/Voice Autocalls E-6 
date 

checking 7-6 
factory defaults 7-9 
programming 2-6 
setting clock 7-6 

DC Power Connection diagram H-4 
default(s) 

lndex-2 

programming codes 6-1 
time and date 2-7 
factory set 7-9 

delay 
dialing 6-15 
return to normal 6-25 

DFP Autodialer A-I 
clearing A-4 
programming A-1 
recording messages A-5 
testing A-4 

Diagnostic commands F-20 thru F-24 
count codes 6-27 
readout codes 6-9 

Diagnostics I-4 
Dialing 

delays 6-15 
pulse or tone selection 6-16 

Dialing Out 3-4, 5-6 
disable 

inputs 3-3 
DISARM 

reading, setting time 7-7 
setting date 7-7 

disarm unit 3-4 
DISARM/REARM (930) 6-25 
DTMF H-15 

E 
Enclosure Diagram H-23 
end 

phone call 5-5 
Enhanced Telephone Interface 6-15 
Error Code listing F-23 
exit delay 6-25 

F 
loobydust H-1 
four-channel 2-2 

G 
Verbatim Remote Channel 7-2 
Global alarm trip delay 6-14 
Grouping 

Alarm call 6-21 

H 
heater H-11 

installing 2-1 
Holiday schedule mode 7-4 
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I 
inactivated RCs F-6 
individual contact 

input 3-3 
input 

disabling 3-3 
Input Channel Numbers 

analog B-2 
input channels 

programming 3-2 
Input Monitoring 1-4 
Input Signal Type 

analog B-2 
codes B-3 

Inquiry Message and Function 1-5 
installation 

verification testing 3-4 
installing 

autodialer 2-1 
line seizure feature H-8 

lntercall 
delay, 6-9, 6-20 
quick delay E-2 

J 
jack AJ1, audio output H-2 
jumper block diagram H-26 

K 
Key 

DIALOUT/PRESS TO TALK 3-4 
CANCEL 

phone code 5-5 
CHECK STATUS 5-2 
ENTER 

phone code 5-5 
MINUS 

phone code 5-5 
NORMAL 3-4 
POINT 

phone code 5-5 
REARM/DISARM 7-1 
RECORD 4-4 

L 
ladder logic program listing F-5 
(LDL) Local Data Logger 6-18 

Verbatim Owner's Manual 

LED 
battery 8-1 
channel alarm 5-4 
DISARM 3-4 
Network Status Indicator F-9 
PFAIL 3-4 
specifications I -7 

line seizure H-8 
linking 

clearing hnk F-17 
modes F-15 
phone numbers to channels 6-21 
phone numbers to RCs F-14 

listening period 6-26 
listing 

programmed phone numbers 5-5 
Local and Remote Programming I-2 
Local Data Logger 6-18 
logic controller inputs 2-2 

M 
maintenance 8-1 
memory 

message recording F-2 
specifications 1-3 

message 
alarm condition 4-2 
alarm is acknowledged 5-1 
normal condition 4-2 
recording speed H-6 
reinstate default 4-5 
repeating 6-23 
review. replay 4-4 
verifying 4-3 

message recording and reviewing codes 
6-3, 6-10 

messages 
extending recording times 4-5 
recording 4-1, 4-4 

microphone operation 6-26 
Modbus 

Networks F-7 
protocols F-1 

modems 
automatic speed selection E-4 

Modi con 
PLC F-7 
protocols F-7 

Modular Upgrades 1-6 
monitor inputs 1-1 
Motherboard diagram H-24 
mounting location 2-1 

Index 
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N 
NEMA 4X weatherproof outer enclosure 

2-1 
Net Address F-6, F-12, F-28 

associating with RC F-6 
NET Number F-7 
Network Bridging F-15 
network protocols F-1 
Network Status F-22 
node 

PLC node number F-9 
node addres 

default F-6 
Nonvolatile Program Memory I-3 
NORMAL, key 5-6 
normally open/closed 3-2 

0 
offset factors 

programming B-3 
Open Circuit alarm 3-2, 3-3 
operation 

remote supervisory control C-1 
Opto 22 relays 

types C-1 
Order Items, Special 1-7 
output 

direct connection C-3 
installation C-1 
remote supervisor control C-1 

Output Relay Enclosure C-1 

p 
Pager 

numeric support H-15 
Parallel Printer Interface D-1 
Parallel Printer Port Adapter Cable 2-4 
parameters 

network F-18 
protocol F-18 
timing F-18 

parts, returning 9-4 
PBX 

support 6-16. H-6 
PFAIL LED 3-4 
phone 

callback 6-25 
designation number (DN} 6-2 
dialing out through autodialer 5-6 
ending caiJ 3-4 

lndex-4 

high speed dialing 6-15 
inquiry calls I-5 
line busy 6-19 
line specifications I-5 
linking numbers to channels 6-21 
non-existant number 6-19 
programming by 5-4 
programming numbers 6-14 
ringmg stopped 6-19 
testing connection 3-4 
unanswered 6-19 
worksheet J-2 

Phone Fault 6-16 
phone number 

programming 3-2 
codes 6-4 

Phone Support 9-4 
PLC (Programmable Logic Controller) F- I 

Address Format F-8 
data register F-1 
node number F-7 
operating parameters F-5 
Programming Code Table F-25 

power 
alternate sources H-3 
battery backup 1-5 
DC power specifications H-3 

power failure 1-4 
Alarm 6-25 
setting alarm delays 6-14 

power requirements 2-1 
printer 

local option D-1 
paper loading 2-6 
parallel interface D-1 
restoring operation 2-6 
serial interface D-1 
turning off 2-8 

printer buffer 2-6 
printer installation 2-4 
printing 

current programming 2-7 
intervals D-2 
scheduling 2-7 
switching off 2-7 

Program mode 3-1 
Programmable Logic Controller (PLC) F-1 
programming 

alarm call group worksheet J-3 thru J-10 
alarm call grouping 6-21 
Alarm Ready Schedule 7-5,7-10 
analog connections B-1 
by phone 5-5 
clear all 3-1 
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codes 1-2, 6-1 
dialing delay 5-5 
input channels 3-3 
local and remote specifications 1-2 
offset factors B-3 
omitting a field F-6 
phone numbers 3-2, 6-14, J-2 
phone numbers to channels 6-21 
printing 2-7 
real world method B-5 
report status 3-3 
resetting operations 3-1 
review mode 5-5 
scaling factors B-3, B-4 
system specific method B-5 
voice 1-1 

Public Address Broadcast 1-6 
Pulse 

selection 6-16 
Pulse Totalizer 

inputs 1-2, 1-4 
codes 6-12 

Pulseffone 
automatic selection 6-18 

dialing codes 6-4 

R 
radio transmitter 

connecting H-12 
RC 

alarm criteria F-3, F-13 
commands F-5 
criteria-based alarms F-8 
digital, analog F-3 
linkage configurations F-15 
Linking F-15 
polling F-19 
programming F-5 
programming key sequences F-6 
remote message recording F-12 
Status F-10 
status over phone F-3 

RC (Remote Channel) F-1 
real world method 

programming B-5 
REARM 

delay 6-26 
key 3-4 
reading, setting time 7-7 
setting date 7-7 

recording 
alarm relay H-7 
extending individual messages 4-5 

Verbatim Owner's Manual 

messages 4-1, 4-4 
setting rate 4-5 
speech times H-5 

relay, alarm H-7 
remote alarm monitoring 1-1 
Remote and Local Programming 1-2 
Remote Channel (RC) 

pre-configured F-1 
Remote Supervisor Control C-1 

codes 6-7 
mounting C-1 
wiring C-1 
operation C-3 

report 
closed input circuits 6-12 
status only 3-3 

reset 
alarm time 5-4, 6-22 
clear a program. 3-1, 6-27 

Return To Normal (RTN) E-1 
returning parts 9-4 
ring answer delay 6-23 
ring back K-3 
rotary flow meters 6-12 
Run Time Meter 3-3,6-11,1-2 

inputs 1-4 

s 
SCADA E-2 thru E-4 
scaling factors 

programming B-3 
Security Access Code 6-24 
seizure. line H-8 
Serial Port Parameters F-18 
Serial Printer Interface D-1 
set points. high/low analog B-8 
setting 

recording rate 4-3, 4-5 
touch or tone dialing 3-2 

settings 
review 6-1 

speaker 
adjusting volume H-1 
external connections H-2 

operation 6-26 
speakerphone 1-5 
Special Order Items l-7 
speech messages 

analog programming B-9 
recording times H-5 

Station lD 4-1 
STATUS key 5-2 
Status, network F-22 

Index 
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Supervisory Control, Remote C-1 
Support, phone 9-4 
Surge Protection 1-6 
system memory 

clear all 3-1 
system specific method 

programming B-5 

T 
Telephone 

Line Fault Detection 6-16 
terminal strip 2-2, H-9 

Telephone Interface 
enhanced 6-15 

Temperature Sensor B-3, B-7 
temperature sensor input B-3 
terminal strip TSl 2-2, H-9 
testing 

routine 8-1 
TFAIL 6-18, 3-1 
thermostat 

specifications H-11 
installing 2-1 

threshold violations F-9 
time 

checking 7-6 
factory defaults 7-9 
programming 2-7 
setting clock 7-6 

Timing Parameters F-18 
Tone 

detect H-15 
selection 6-16 

Tone/Pulse 
automatic selection 6-18 
dialing codes 6-4 

Totalizer 
default value 6-13 

Troubleshooting 9-1 
analog channels B-11 

TS705 H-7 
TIL inputs 2-2 

u 
upgrades 1-6 

v 
version level 2-4 
Voice/Data Autocalls E-6 
VPPC-1 cable 2-4 

lndex-6 

VRSC C-1 
VX32 Channel Expansion Card 2-2 

w 
Warranty I-6 

Registration Card (see back of manual) 
weekday schedule mode 7-4 
weekend schedule mode 7-4 
Wiring Connections 

remote supervisory control C-1 
wiring connections 2-1 
worksheets (see Appendix J) 
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FCC Notice to Users 

1. You must notify your telephone utility as follows: 

a. Intention to install an FCC Part 68-registered device. 

b. The FCC registration number: HKS-23106304-AL-R 

c. The ringer equivalence number: 0.3A 

d. When the device is disconnected from the telco network 
and will not be reconnected. 

2. These units may not be used on party lines. 

3. The telco has the right to make changes in their network which may affect 
the operation of your unit, provided adequate notice is given to you in 
advance to permit continued correct operation. 

4. In the event of operational problems, disconnect your unit by removing 
the modular plug from the modular telephone jack. To test the phone line, 
temporarily plug a working rotary-dial telephone into the jack normally 
used by the Verbatim. If the substitute telephone works correctly, your 
Verbatim has a problem and should be returned for repairs (in or out of 
warranty). If the substitute telephone does not work correctly, notify the 
telco that they have a problem and request prompt repair service (at no 
cost to the user). 

5. The user may not under any circumstances (in or out of warranty) attempt 
any service or repairs on the Verbatim. It must be returned to RACO for 
all repairs . 

Verbatim Owner's Manual 
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Warranty Registration Card 

KEEP THIS FOR YOUR RECORDS 

/ Important: 
Within 14 days of purchase, please complete this Warranty Registration. 
Detach the top portion, fold in half and drop in the mail. Postage is paid if 
mailed in the U.S. Otherwise, please return to: 

RACO Manufacturing and Engineering Co. Inc. 
Service Department 
1400 62nd Street 
Emeryville, California 94608 

Detach here before mailing 

Model VERBATIM 

Serial number 

Date of Purchase 

Name 

Title/position 

Company/Organization 

Division/Department 

Address 

Telephone 

Dealer's Name 

Address 

11 Owner's Manual 



Response Card 

The following additional information will assist us in our 
continuing efforts to provide you with products that meet your 
specific requirements. 

Please send me more information on the following quality 
products from RACO Manufacturing: 

1. This Autodialer is used in: 

wastewater 

_ cold storage 

_ energy generation 

_ remote equipment 

_ gas pipeline 

chemical manufacture 

_ agriculture 

________ other 

2. It uses the following types of transducers: 

_ pressure 

electrical detection 

intrusion 

float level 

_ temperature 

_ gas (all types) 

flow 

_________ other 

3. I first became aware of this Autodialer from: 

dealer showroom 

_ Central Data Logging 

_ colleague 

trade show 

_ professional association _ magazine inquiry 

________ other. 

4. I read the following publication(s) regularly: 

Verbatim Owner's Manual 

• 

• 

• 



• 

• 

• 

Product Data Sheet 
00813-0100-4727, Rev RA 
December 2007 Rosemount 8700 Series 

Rosemount 8700 Series 
Magnetic Flowmeter Systems 
THE 8700 E-SERIES ... 

• Industry leading performance with standard 
reference accuracy of 0.25% of rate with an 
optional High Accuracy of 0. 15% of rate. 

• Rosemount 8732 HART Transmitter
Integral-mount design, backlit display, and 
explosion-proof housing. Available with I.S. 
Outputs, Device Diagnostics, and Internal Meter 
Verification to improve reliability and performance 

• Rosemount 8712 HART Transmitter- available 
with Device Diagnostics to improve reliability and 
performance. Quick setup with easy-to-use local 
operator interface 

• Rosemount 8712H/8707 High-Signal System
Pulsed DC solutions for the most demanding flow 
measurement applications 

• Rosemount 8705 Flanged flowtube sensor - Fully 
welded flowtube sensor for maximum protection 
(standard ISO lay length) 

• Rosemount 8711 Wafer flowtube sensor
Economical, compact, and lightweight flowtube 
sensor, provided with alignment rings for easy 
installation 

• Rosemount 8721 Hygienic flowtube sensor
Specifically designed for food, beverage, and life 
sciences applications 

• Rosemount 87 42 FOUNDATION TM field bus 
Transmitter- Integral-mount design available with 
Device Diagnostics 

Contents 
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Product Certifications ...................................................... page 34 

Dimensional Drawings ..................................................... page 47 
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Rosemount 8700 Series 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Rosemount 8700 Series System Overview 

Rosemount 8732E 

The Rosemount 8732E transmitter has multiple 
diagnostic suites available. Best in class 
performance coupled with advanced diagnostics 
provides unparalleled process management 
capabilities. With an optional backlit 2 line by 16 
character local operator interface, the transmitter can 
be configured by optical switches to simplify 
adjustments in hazardous environments without 
removing the cover. 

~---------------, 

Rosemount 87120 

The remote mount 8712 transmitter brings 
diagnostics to any HART/4-20mA system that can 
change how magmeters are installed, maintained, 
and verified. The Rosemount 8712 also features an 
easy-to-use operator interface, with quick access to 
all diagnostic information, and instant access to basic 
configuration setup through dedicated keys. 

2 

Rosemount 87 42C 

The Rosemount 8742C is for applications that 
require FOUNDATION fieldbus output protocol. 
Available with optional diagnostics that optimize 
meter performance and improve process 
management. 

~--~~--------~ 

Rosemount 87140 

The Rosemount 87140 Calibration Standard 
attaches to an 87120, 8732, or 8742C transmitter's 
flowtube sensor connections to ensure traceability to 
NIST standards and long-term accuracy of the 
flowmeter system. The 87140 is not compatible with 
the 8712H High-Signal transmitter 

• 

• 

• 
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Product Data Sheet 
00813-0100-4727, Rev RA 
December 2007 

Rosemount 8705 Flanged Flowtube 
Sensors 

All flanged flowtube sensors are fabricated from 
stainless and carbon steel and welded to provide a 
hermetic seal that protects against moisture and 
other contaminants. Sizes range from 1/2 in. (15 mm) 
to 36 in. (900 mm). The sealed housing ensures 
maximum flowtube sensor reliability by protecting all 
internal components and wiring from the most hostile 
environments. 

r------------------------------------~ 

Rosemount 8707/8712H High-Signal 
Mag meter System <1) 

The 8707 High-Signal Flowtube Sensor, used in 
conjunction with the 8712H High-Signal Transmitter, 
forms the Rosemount High-Signal Magnetic 
Flowmeter System. This system provides stable flow 
measurement in the most difficult high-noise 
applications while maintaining the benefits of DC 
technology. The increased signal strength of the 
high-signal system is made possible through a 
combination of flowtube sensor coil design that 
incorporates the most advanced materials and an 
extremely efficient and innovative coil drive circuit. 
The increased signal strength of the Rosemount 
high-signal system, coupled with advanced signal 
processing and superior filtering techniques, provide 
the solution to demanding flow measurement 
applications . 

(1) The high-signal magmeter system is not currently 
available with CE marie. 

Rosemount 8700 Series 

Rosemount 8711 Wafer Flowtube 
Sensors 

The flangeless design of the 8711 wafer flowtube 
sensor makes it an economical, compact, and 
lightweight alternative to flanged magnetic 
flowmeters. Alignment rings provided with every 
8711, center the flowtube sensor in the process line 
and makes installation easier. 

Rosemount 8721 Hygienic Flowtube 
Sensors 

The 8721 hygienic flowtube sensor is specifically 
designed for the demanding applications in food, 
beverage, and life sciences. The robust, all-welded, 
full diameter flowtube sensor is constructed of FDA 
approved materials and is authorized to display the 
3-A Symbol (Authorization #1222) is certified by 
EHEDG (#C03-5229) and is approved for use in FDA 
Grade A milk meter based timing loops (M-b 350). 
Sizes range from 1/2" (15mm) to 4" (100mm) and are 
available in a variety of industry standard process 
connections. 

3 



Rosemount 8700 Series 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Rosemount Magmeter Diagnostics Power PlantWeb 

Rosemount Mag Diagnostics Power PlantWeb to Reduce Cost & Improve Output by Enabling New Practices 

Rosemount Mag meters provide device diagnostics that powers PlantWeb and informs the user of abnormal situations 
throughout the life of the meter - from Installation to Maintenance and Meter Verification. With Rosemount Magmeter 
diagnostics enabled, users can change their practices to improve plant availability and throughput. and reduce costs through 
simplified installation, maintenance and troubleshooting. 

8732E 87120 8712H 
Diagnostics Mag User Practice HART HART HART 

Basic 
Empty Pipe Process Management . . . 
Electronics Temperature Maintenance . . 
Coil Fault Maintenance . . . 
Transmitter Faults Maintenance . . . 
Reverse Flow Process Management . . . 

Advanced (Suite 1 I DA1 Option DA1 Option N/A 

High Process Noise Process Management . . 
Grounding/Wiring Fault Installation . . 
Electrode Fault Maintenance 

Advanced (Suite 2) DA20ption N/A N/A =t= 87141 Calibration Verification Calibration Verification . 
4-20 rnA Loop Verification Maintenance . 

OPTIONS FOR ACCESSING DIAGNOSTICS 

8742 
FOUNDATION 

fteldbus 

. 

. . . 
001 Option . . . 

N/A 

Rosemount Magmeter Di~nostics can be accessed through the Local Operator Interface (LOI)(1), the 375 Field 
Communicator, and AMS Suite: Intelligent Device Manager. 

Access diagnostics through the LOI for quicker installation, maintenance, and meter 
verificationr1) 

Rosemount Magmeter Diagnostics are available through the LOI to make maintenance of every magmeter easier. 

Access diagnostics through AMS Intelligent Device Manager for the ultimate value 

The value of the diagnostics increases significantly when AMS is used. Now the user gets a simplified screen flow 
and procedures for how to respond to the diagnostic messages. 

(1) Not available for the 87 42 FouNDATION fieldbus transmitter. 
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Product Data Sheet 
00813-0100-4727, Rev RA 
December 2007 Rosemount 8700 Series 

' 

8714i Calibration Verification Improves Magnetic Flowmeter Verification Practice 
Diagnostic In LOI 

'· ~-

8714i Test Tube Cal Dev: 8714i 
In Pro9ress m 0.08 .,. Passed ... 

. _,_ ,, ' 
Y"-~'""-- -~ 

Result.: 

8714i Calibration Verification checks transmitter Deviation from baseline values are reported. Meter Calibration is verified. 
and flowtube sensor characteristics. 

Diagnostic In AMS 

I}+•Jfjii§·'Fi·'u·t%'¥1'''''1'':%f1i·ft-'Mt;£':/ ----"-
-IC!lSJ 

FIIB Adions ~ 

a1~1~l 
ow.Yiew L ~ I 1n1onnaiionti I Dia;no*s I tm4i Aep!!lt ~ 

8714i Ceibralioo Vtui'i:.!!ian Report 

Cuslona: Calbralioo ConiMicnl: ~ lnlrmlll r.E~Um~~ 

T~ Tell~ INoFlow.F .. Pipe ...;.1 

Fiowmela lnfomlelion end Confi!alrlllicin 

Tag I PY'URV I 1'5:00oe1fm 

. tilbrlllicin Nurrblr r OlSOOS61 032lm5 PY'I.RV I D.OO gal/pin 

Li'e Size I. 1.50 in PYO~ I 2.00 J 

Tr-mter C.alionV~ ReNte ~Sensor cabeOI!n Verr.cation Reds 
flllwlla DIIYialion ~ : I 0.4S0468 

, SimiAIIedVelilci\l' Aduo!Vekd,y OilY~ Red 

I 
T&be Calbalion Teu: IP.s ...;.1 

'30.00DDDD I 30.0l6661 l"iiii I Pas. d CCiCilluHIIII: I Pas. 3 
Ell!cbod!o cm.l Tell P appi;ablet IP.s d 

SUIIMfll al Calhalian Vetiicalion Red~ 

, Verilii:aliln Red$: The r~ ollhe llcJwrrder ll8liication teat is: IP.s ...:J 

' Veria:alian Obrie: This m81S we verired Ill be furldianin; wtiWn I 1 
% d ch\oietion 111lfb U. origirlalb!d pealmlitm.a 

Silrrecl Da 

I Cbse I H. I 
~ Last 5\'nCh'OIIIzod: 2/11/'ZD(119:.42:'15 AM ,a 

8714i Calibration Verification Report from AMS 

-"" 
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Rosemount 8700 Series 

Grounding/ Wiring Diagnostic Improves Installation Practices 
Diagnostic in LOI 

Grounding and wiring fault displays on LOI. Error messages under Diagnostic menu. 

Diagnostic in AMS 

Grounding and wiring is tripped and shown in AMS status screen. 

6 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Una noise value can be viewed. If line noise 
Is> 5 m\1, Diagnostic is tripped. 
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Product Data Sheet 
00813-01 00-4 727. Rev RA 
December 2001 Rosemount 8700 Series 
High Process Noise Diagnostic Improves Process Management 
Diagnostic in LOI 

LOI indicates high process noise is detected. Signal-to-noise ratio (SNR) is viewed in 
Diagnostic menu. If< 25:1, diagnostic tripped. 

Improved SNR and signal stability by moving 
coil drive frequency from 5 Hz to 37 Hz. 

Diagnostic In AMS 
rr~=-=-~=-==-~~==-=-=-==~====~~=====~~-~~-~~~~~==-======~ 

I 

~a_iffimQ~~ gn .. -'f4' 
ri'f'f#.v~r-•~- _:__.-~-~--

:~0~i;..~ 
H6 

I. 

rH~~-·--~~-- .-----!. . . 
' 
l.511t!.NR ~7· 

! ~SID~ 1, J·~·-= -~~ ==~'!!: 
-~-----, ; rd""-tio:l I'J!P - .::;:1, IV 

i-Jilfo<ILltll~lh<!des;p-.JIDNaii:el1~1 
! :'l>o~-25......,1lloobFf""""'- . 
l 

I ~I'U·-----·--
·----l -·,1-~f .... 

._~ ., ' 01 ~ot/ 
'llolo:Abnoitedlm!!a>5..Wb:,_ 
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Rosemount 8700 Series Product Specifications Overview 

Listed below are tables that outline some of the basic performance, physical, and functional specifications of the 
Rosemount 8700 Series Magnetic Flowmeter products. Table 1 provides an overview of the Rosemount 8700 
Series Transmitter products. Table 2 provides an overview of the Rosemount 8700 Series Flowtube Sensor 
products. 

TABLE 1. Rosemount 8700 Series Transmitter Specifications 

I I I I I I I I 

Flowtube I Page for I Page for 
Base Power User Communication Sensor Detailed Ordering 

Model Accuracyl 1l Mounting Supply Interface Protocol Diagnostics Compatibility Specifications Information 

8732E 0.25% Integral Global 40ptical HART Basic plus All Rosemount page 10 page 65 
Standard or ACor Switch LOI Optional plus other 

0.15% Remote DC DA1 and manufacturers 
High DA2Suite 

Accuracy 
Option 

I 
B712D 0.25% Remote Global Dedicated HART Basic plus All Rosemount page 15 page 67 

Standard AC or 15 Button optional plus other 
0.15% DC LOI DA1 Suite manufacturers 
High 

Accuracy 
Option 

I 
8712H 0.5% Remote 115V Dedicated HART Basic 8707 Only page 15 page 68 

Standard AC 15 Button 
0.25% LOI 
High 

Accuracy 
Option 

B742C 0.3% Integral Global Display FOUNDATION Basic plus All Rosemount page 20 page 69 
Standard or AC or Only fieldbus Optional 

0.2% High Remote DC D01 Suite 
Accuracy 

Option 

(1) For complete accuracy specifications, please refer to tha transmitter detailed spacificat1ans. 

B 

• 

• 

• 
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TABLE 2. Rosemount 8700 Series Flowtube Sensor Specifications 

Base Coil Drive Design Detailed Ordering 

I 

Page for Page for 

Model Style Accuracyl 1) Line Sizes Power Features Specifications Information 

f • 8705 Flanged 0.25% 0.5 to 36 in. Pulsed DC 

6 
Standard (15 to 900 mm) 

0.15% High 
Accuracy 

Option 

6 
8707 High-Signal 0.5% 3 to 36 in. Hlgh-5ignal 

(Flanged) Standard (15 to 900 mm) Pulsed DC 
0.25% High 
Accuracy 

Option 

8711 Wafer 0.25% 0.15 to 8 in. Pulsed DC 
Standard (4to200 mm) 

0.15% High 
Accuracy 

Option 

~
~;,:;~~1'',1 

i ,- '! 

~ : 

".:.- ~ 
- p '. ,\ 

8721 0.5% 0 5 to 4 in. Pulsed DC 
Standard (15to 100 mm) 

0.25% High 
Accuracy 

Option 

Hygienic 

( 1) For complete accuracy specifications, please rafar to the flowtube sensor detailed specifications . 

Standard 
Process 
Design 

Superior 
signal 

stability for 
Noisy 

Applications 

Compact, 
Light 

Weight 

3-A and 
EHEDG 
CIP/SIP 

page 23 page 71 

page 23 page 76 

page 28 page 79 

page 30 page 81 
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Rosemount 8732E Transmitter Specifications 

Functional Specifications 

Flowtube Sensor Compatibility 

Compatible with Rosemount 8705, 8711, 8721, and 
570TM flowtube sensors. Compatible with 
Rosemount 8707 flowtube sensor with D2 Dual 
calibration option. Compatible with AC and DC 
powered flowtube sensors of other manufacturers. 

Compatible with Rosemount 8707 flowtube 
sensor with D2 Dual Calibration Option. 

Compatible with AC and DC powered flowtube 
sensors of other manufacturers. 

Flowtube Sensor Coil Resistance 

350 n maximum 

Flow Rate Range 

Capable of processing signals from fluids that are 
traveling between 0.04 and 39 ft/s (0.01 to 12 m/s) 
for both forward and reverse flow in all flowtube 
sensor sizes. Full scale continuously adjustable 
between -39 and 39 ft/s (-12 to 12 m/s). 

Conductivity Limits 

Process liquid must have a conductivity of 
5 microsiemens/cm (5 micromhos/cm) or greater for 
8732E. Excludes the effect of interconnecting cable 
length in remote mount transmitter installations. 

Power Supply 

90 -250 V AC ±1 0%, 50--60 Hz or 12-42 V DC 

10 

AC Power Supply Requirements 

Units powered by 90-250 V AC have the following 
power requirements. 

DC Supply Current Requirements 

Units powered by 12-42 V DC power supply may 
draw up to 1 amp of current steady state. 

FIGURE 1. DC Current Requirements 

.. 
1:1. 
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>. 

8: 0.25 
~ 
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Power Supply (Volts) 

DC Load Limitations (Analog Output) 

Maximum loop resistance is determined by the 
voltage level of the external power supply, as 
described by: 

FIGURE 2. DC Load Limitations 

iii' 500 
E 
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Q. 
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~ 

Power Supply {Volts) 

31.25 (Vps- 1 0.8) 
Power Supply Voltage (Volts) 
Maximum Loop Resistance (Ohms) 

42 
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NOTE 
HART Communication requires a minimum loop 
resistance of 250 ohms. 

Installation Coordination 

Installation (overvoltage) Category II 

Power Consumption 

10 watts maximum 

Switch-on current 
AC: Maximum 26 A{< 5 ms) at 250 V AC 

DC: Maximum 30 A{< 5 ms) at 42 V DC 

Ambient Temperature Limits 

Operating 
-58 to 165 °F (-50 to 74 °C) without local 
operator interface 

13 to 149 °F {-25 to 65 °C} with local 
operator interface 

Storage 
-40 to 185 °F (-40 to 85 °C) 

-22 to 176 °F (-30 to 80 oc) with local 
operator interface 

Humidity Limits 

0-100% RH to 150 °F {65 °C} 

Enclosure Rating 

NEMA 4X CSA Type 4X, IEC 60529, IP66 
(transmitter), Pollution Degree 2 

Output Signals 

Analog Output Adjustment<1) 

4-20 mA, switch-selectable as internally or 
externally powered 10 to 30 V DC; 0 
to 600 n load. 

Engineering units-lower and upper range values 
are user-selectable. 

Output automatically scaled to provide 4 mA at 
lower range value and 20 mA at upper range 
value. Full scale continuously adjustable between 
-39 and 39 ft/s (-12 to 12m/sec), 1 ftls (0.3 m/s) 
minimum span . 

(1) For transmitters with intrinsically safe outputs, power 
must be supplied externally. 

Rosemount 8700 Series 

HART Communications, digital flow signal, 
superimposed on 4-20 mA signal, available for 
control system interface. 250 n required for 
HART communications. 

Scalable Frequency Adjustment<1) 

0-10,000 Hz, switch-selectable as internally or 
externally powered 10 to 30 V DC, transistor 
switch closure up to 5. 75 w. Pulse value can be 
set to equal desired volume in selected 
engineering units. Pulse width adjustable from 0.5 
to 1 00 m/s. Local operator interface automatically 
calculates and displays maximum allowable 
output frequency. 

11 
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Optional Digital Output Function 

Externally powered at 5 to 24 V DC, transistor switch 
closure up to 3 W to indicate either: 

Reverse Flow: 
Activates switch closure output when reverse flow 
is detected. The reverse flow rate is displayed. 

Zero Flow: 
Activates switch closure output when flow 
goes to 0 ft/s. 

Empty Pipe: 
Activates switch closure output when empty pipe 
is detected. 

Transmitter Fault: 
Activates switch closure output when a 
transmitter fault is detected. 

Optional Digital Input Function 

Externally powered at 5 to 24 V DC, transistor switch 
closure up to 3 W to indicate either: 

Net Total Reset: 
Resets the net totalizer value to zero. 

Positive Zero Return (PZR): 
Simulates zero-flow condition. 

Security Lockout 

Security lockout switch on the electronics board can 
be set to deactivate all LOI and HART-based 
communicator functions to protect configuration 
variables from unwanted or accidental change. 

Display Lockout 

All optical switches on the display can be locked 
locally from the display layout configuration screen 
by holding the upper right optical switch for 1 0 
seconds. The display can be reactivated holding the 
same switch for 1 0 seconds. 

Output Testing 

Analog Output Test 
Transmitter may be commanded to supply a 
specified current between 3.5 and 23 rnA. 

Pulse Output Test 
Transmitter may be commanded to supply a 
specified frequency between 1 and 10,000 Hz. 

Turn-on Time 

5 minutes to rated accuracy from power up; 5 
seconds from power interruption. 

12 

Start-up Time 

50 ms from zero flow. 

Low Flow Cutoff 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Adjustable between 0.01 and 38.37 ft/s (0.003 and 
11.7 m/s). Below selected value, output is driven to 
the zero flow rate signal level. 

Overrange Capability 

Signal output will remain linear until 110% of upper 
range value or 44 ft/s (13 m/s). The signal output will 
remain constant above these values. Out of range 
message displayed on LOI and the HART 
Communicator. 

Damping 

Adjustable between 0 and 256 seconds. 

Flowtube Sensor Compensation 

Rosemount flowtube sensors are flow-calibrated and 
assigned a calibration factor at the factory. The 
calibration factor is entered into the transmitter, 
enabling interchangeability of flowtube sensors 
without calculations or a compromise in standard 
accuracy. 

8732E transmitters and other manufacturer's 
flowtube sensors can be calibrated at known process 
conditions or at the Rosemount NIST-Traceable Flow 
Facility. Transmitters calibrated on site require a 
two-step procedure to match a known flow rate. This 
procedure can be found in the Operations Manual 
00809-0100-4662. 

Diagnostics 

Basic 
Self test 
Transmitter faults 
Analog output test 
Pulse output test 
Tunable empty pipe 
Reverse flow 
Coil circuit fault 
Electronics temperature 

Advanced (DA1 Suite) 
Ground/wiring fault 
High process noise 

Advanced (DA2 Suite) 
8714i Calibration Verification 
4-20 rnA loop verification 

• 

• 

• 
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Performance Specifications 

(System specifications are given using the frequency 
output and with the unit at reference conditions.) 

Accuracy 

Includes the combined effects of linearity, hysteresis, 
repeatability, and calibration uncertainty. 

Rosemount 8732E with 8705/8707 Flowtube 
Sensor: 
Standard system accuracy is ±0.25% of rate ±1.0 
mm/sec from 0.04 to 6 ft/s (0.01 to 2 m/s); above 
6 ft/s (2 m/s), the system has an accuracy of 
±0.25% of rate ±1.5 mm/sec. 

Optional high accuracy is ±0.15% of rate ±1.0 
mm/sec from 0.04 to 13 ft/s (0.01 to 4 m/s); above 
13 ft/s (4 m/s), the system has an accuracy of 
±0.18% of rate. (1) 

u·~~--r---~----,-----r---~----. 
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Rosemount 8732E with 8711 Flowtube Sensor: 
Standard system accuracy is ±0.25% of rate ±2.0 
mm/sec from 0.04 to 39 ft/s (0.01 to 12 m/s). 

Optional high accuracy is ±0.15% of rate ±1.0 
mm/sec from 0.04 to 13 ft/s (0.01 to 4 m/s); above 
13 ft/s ( 4 m/s ), the system has an accuracy of 
±0.18% of rate. 

u·or-.--.----.----.-----.----.----. 

~ ~~~r-+---~-----r----+---~----~ 

____ /.. -------lr-----
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ro (:1) 
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(1) For Flowtube Sensor sizes greater than 12 in. (300 mm) 
the high accuracy is ±0.25% of rate from 3 to 39 ftlsec (1 
to 12m/sec). 

Rosemount 8700 Series 

Rosemount 8732E with 8721 Flowtube 
Sensor: 
Standard system accuracy is ±0.5% of rate from 1 
to 39 ft/s (0.3 to 12 m/s); between 0.04 and 1.0 
ft/s (0.01 and 0.3 m/s), the system has an 
accuracy of ±0.005 ftls (0.0015 m/s). 

Optional high accuracy is ±0.25% of rate from 3 to 
39 ftls (1 to 12 m/s). 
Uor-.--.----.----.-----.----.----~ 
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Rosemount 8732E with Legacy 8705 Flowtube 
Sensors: 
Standard system accuracy is ±0.5% of rate from 1 
to 39 ft/s (0.3 to 12 m/s ); between 0.04 and 1.0 
ft/s (0.01 and 0.3 m/s), the system has an 
accuracy of ±0.005 ftls (0.0015 m/s). 

Rosemount 8732E with Legacy 8711 Flowtube 
Sensors: 
Standard system accuracy is ±0.5% of rate from 3 
to 39 ft/s (1 to 12 m/s); between 0.04 and 3.0 ft/s 
(0.01 and 1 m/s), the system has an accuracy of 
±0.015 ft/s (0.005 m/s). 

Rosemount 8732E with Other Manufacturers' 
Flowtube Sensors: 
When calibrated in the Rosemount Flow Facility, 
system accuracies as good as 0.5% of rate can 
be attained. 

There is no accuracy specification for other 
manufacturers' flowtube sensors calibrated in the 
process line. 

Analog Output Effect 

Analog output has the same accuracy as frequency 
output plus an additional ±4JlA. 

Vibration Effect 

IEC 60770-1 

Repeatability 

±0.1% of reading 

13 



Rosemount 8700 Series 

Response Time (Analog Output) 

50 ms maximum response time to step change in 
input 

Stability 

±0.1% of rate over six months 

Ambient Temperature Effect 

±0.25% change over operating temperature range 

EMC Compliance 

EN61326-1 1997 + A1/A2/A3 (Industrial) 
electromagnetic compatibility (EMC) for process and 
laboratory apparatus. 

14 
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Physical Specifications 

Materials of Construction 

Housing 
Low copper aluminum, NEMA 4X and 
IEC 60529 IP66 

Pollution Degree 2 

Paint 
Polyurethane 

Cover Gasket 
Rubber 

Electrical Connections 

Two 1/2-14 NPT connections provided on the 
transmitter housing (optional third connection 
available). PG13.5 and CM20 adapters are available. 
Screw terminals provided for all connections. Power 
wiring connected to transmitter only. Integrally 
mounted transmitters are factory wired to the 
flowtube sensor. 

Transmitter Weight 

Approximately 7 pounds (3.2 kg). Add 1 pound 
(0.5 kg) for Option Code M4. 

• 

• 

• 
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Rosemount 87120/H Transmitter Specifications 

Functional Specifications 

Flowtube Sensor Compatibility 

87120: Compatible with Rosemount 8705, 8711, 
8721, and 570TM flowtube sensors. Compatible with 
Rosemount 8707 flowtube sensor with D2 Dual 
calibration option. Compatible with AC and DC 
powered flowtube sensors of other manufacturers. 

8712H: Only compatible with 8707 High-Signal 
flowtube sensor. 

Flowtube Sensor Coil Resistance 
Rosemount 8712D: 350 n maximum 

Rosemount 8712H: 12 n maximum 

Flow Rate Range 

87120: Capable of processing signals from fluids 
that are traveling between 0.01 and 39 ft/s (0 to 12 
m/s) for both forward and reverse flow in all flowtube 
sensor sizes. Full scale continuously adjustable 
between -39 and 39 ft/s (-12 to 12 m/s). 

8712H: Capable of processing signals from fluids 
that are traveling between 0.04 and 30 ft/s (0.01 to 
1 0 m/s) for both forward and reverse flow in all 
flowtube sensor sizes. Full scale continuously 
adjustable between -30 and 30 ft/s (-10 to 10 m/s). 

Conductivity Limits 

Process liquid must have a conductivity of 5 
microsiemens/cm (5 micromhos/cm) or greater for 
Rosemount 8712D. Process liquid must have a 
conductivity of 50 microsiemens/cm (50 
micromhos/cm) for the 8712H. Excludes the effect of 
interconnecting cable length in remote mount 
transmitter installations . 

Power Supply 
Rosemount 87120: 90-250 V AC ±1 0%, 50-60 

Hz or 12-42 V DC 

Rosemount 8712H: 115 V AC ±10%, 50-60Hz 

DC Load Limitations (Analog Output) 

Maximum loop resistance is determined by the 
voltage level of the external power supply, as 
described by: 

FIGURE 3. DC Load Limitations 
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42 

Rmax = 
Vps = 
Rmax = 

Power Supply Voltage (Volts) 
Maximum Loop Resistance (Ohms) 

NOTE 
HART Communication requires a minimum loop 
resistance of 250 ohms. 
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Rosemount 8700 Series 

Supply Current Requirements (87120) 

Units powered by 12-42 V DC power supply may 
draw up to 1 amp of current steady state. 

Iii" 
Cl. 
E 
~ ... 
c 
e :; 
0 
>. 
Q. 

FIGURE 4. DC Current Requirements 
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Power Supply (Volts) 

Installation Coordination 

Installation (overvoltage) Category II 

Power Consumption 
87120: 10 watts maximum 

8712H: 300 watts maximum 

Ambient Temperature Limits 

Operating 
87120: -20 to 140•F (-29 to 60 ·c) with 

local operator interface 

-40 to 165•F (-40 to 74•C) without 
local operator interface 

8712H: -20 to 130 •F (-29 to 54 •c) with or 
without local operator interface 

Storage 
-40 to 176 •F (-40 to 80 ·c) 

Humidity Limits 

0-100% RH at 120 •F (49 •c), decreases linearly to 
10% RH at 130 •F (54 •C) 

Enclosure Ratings 

Enclosure Type NEMA 4X, IP66 

Output Signals 

16 

Analog Output Adjustment 
4-20 mA, switch-selectable as internally or 
externally powered 5 to 24 V DC; 0 to 
1000 n load. 
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Engineering units-lower and upper range values 
are user-selectable. 

Output automatically scaled to provide 4 mA at 
lower range value and 20 mA at upper range 
value. 

87120: 
Full scale continuously adjustable between -39 
and 39 ft/s (-12 to 12m/sec), 1 ft/s (0.3 m/s) 
minimum span . 

8712H: 
Full scale continuously adjustable between -30 
and 30 ft/s (-10 to 10m/sec), 1 fVs (0.3 m/s) 
minimum span. 

HART Communications, digital flow signal, 
superimposed on 4-20 mA signal, available for 
control system interface. 250 n required for 
HART communications. 

Scalable Frequency Adjustment 

87120: 
0-1 O,OOOHz, externally powered at 5 to 24 V DC, 
transistor switch closure supports power loads up 
to 2W for frequencies up to 4000Hz, and 5 V DC 
at 0.1 W at maximum frequency of 10,000 Hz. 
Pulse can be set to equal desired velocity or 
volume in user selectable engineering units. 
Pulse width is adjustable from 1.5 to 500 msec, 
below 1.5 msec pulse width automatically 
switches to 50% duty cycle. 

8712H: 
0-1 000 Hz, externally powered at 5 to 24 V DC, 
transistor switch closure up to 5.75 W. Pulse 
value can be set to equal desired volume in 
selected engineering units. Pulse width adjustable 
from 0.5 to 100 m/s. Local operator interface 
automatically calculates and displays maximum 
allowable output frequency. 

Auxiliary Output Function 

Externally powered at 5 to 24 V DC, transistor switch 
closure up to 3 W to indicate either: 

Reverse Flow: 
Activates switch closure output when reverse flow 
is detected. The reverse flow rate is displayed. 

Zero Flow: 
Activates switch closure output when flow goes 
to 0 fVs. 

• 

• 
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Positive Zero Return (PZR)(1) 

Forces outputs of the transmitter to the zero flow 
rate signal level. Activated by applying a 
contact closure. 

Security Lockout 

Security lockout jumper on the electronics board can 
be set to deactivate all LOI and HART-based 
communicator functions to protect configuration 
variables from unwanted or accidental change. 

Output Testing 

Analog Output Test 
Transmitter may be commanded to supply a 
specified current between 3. 75 and 23.25 mA 

Pulse Output Test 

87120: 
Transmitter may be commanded to supply a 
specified frequency between 1 pulse/ day and 
10,000 Hz 

8712H: 
Transmitter may be commanded to supply a 
specified frequency between 1 and 1 000 Hz 

Turn-on Time 

87120: 
5 minutes to rated accuracy from power up, 5 
seconds from power interruption 

8712H: 
30 minutes to rated accuracy from power up, 5 
seconds from power interruption 

Start-up Time 

0.2 seconds from zero flow 

Low Flow Cutoff 

Adjustable between 0.01 and 38.37 ft/s (0.003 and 
11.7 m/s). Below selected value, output is driven to 
the zero flow rate signal level. 

Overrange Capability 

Signal output will remain linear until 110% of upper 
range value. The signal output will remain constant 
above these values. Out of range message displayed 
on LOI and the HART Communicator . 

(1) PZR is internally powered on the 8712H transmitter. 

Rosemount 8700 Series 

Damping 

87120: 

Adjustable between 0.0 and 256 seconds 

8712H: 

Adjustable between 0.2 and 256 seconds 

Flowtube Sensor Compensation 

Rosemount flowtube sensors are flow-calibrated and 
assigned a calibration factor at the factory. The 
calibration factor is entered into the transmitter, 
enabling interchangeability of flowtube sensors 
without calculations or a compromise in accuracy. 

87120 transmitters and other manufacturer's 
flowtube sensors can be calibrated at known process 
conditions or at the Rosemount NIST-Traceable Flow 
Facility. Transmitters calibrated on site require a 
two-step procedure to match a known flow rate. This 
procedure can be found in the Operations Manual 
00809-0100-4661. 
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Rosemount 8700 Series 

Performance Specifications 

(System specifications are given using the frequency 
output and with the unit at referenced conditions.) 

Accuracy 

Includes the combined effects of linearity, hysteresis, 
repeatability, and calibration uncertainty. 

~ 
'a 
1/. 

Rosemount 87120 with 8705/8707 Flowtube 
Sensor: 
Standard system accuracy is ±0.25% of rate ±1.0 
mm/sec from 0.04 to 6 ft/s (0.01 to 2 m/s); above 
6 ft/s (2 m/s), the system has an accuracy of 
±0.25% of rate ±1.5 mm/sec. 

Optional high accuracy is ±0.15% of rate ±1.0 
mm/sec from 0.04 to 13 ft/s (0.01 to 4 m/s); above 
13 ft/s (4 m/s), the system has an accuracy of 
±0 18% of rate.(1) 
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Rosemount 87120 with 8711 Flowtube 
Sensor: 

411 
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Standard system accuracy is ±0.25% of rate ±2.0 
mm/sec from 0.04 to 39 ft/s (0.01 to 12 m/s). 

Optional high accuracy is ±0.15% of rate ±1.0 
mm/sec from 0.04 to 13 ft/s (0.01 to 4 m/s); above 
13 ft/s ( 4 m/s ), the system has an accuracy of 
±0.18% of rate. 
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(1) For Ftowtube Sensor sizes greater than 12 in. (300 mm) 
the high accuracy is ±0.25% of rate from 3 to 40ft/sec (1 
to 12 mlsec). 
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Rosemount 87120 with 8721 Flowtube 
Sensor: 
Standard system accuracy is ±0.5% of rate from 1 
to 39 ft/s (0.3 to 12 m/s); between 0.04 and 1.0 
ft/s (0.01 and 0.3 m/s), the system has an 
accuracy of ±0.005 ft/s (0.0015 m/s). 

Optional high accuracy is ±0.25% of rate from 3 to 
39 ft/s (1 to 12 m/s) 
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Rosemount 87120 with Legacy 8705 Flowtube 
Sensors: 
Standard system accuracy is ±0.5% of rate from 1 
to 39 ft/s (0.3 to 12 m/s); between 0.04 and 1.0 
ft/s (0.01 and 0.3 m/s), the system has an 
accuracy of ±0.005 ft/s (0.0015 m/s). 

Rosemount 87120 with Legacy 8711 Flowtube 
Sensors: 
Standard system accuracy is ±0.5% of rate from 3 
to 39 ft/s (1 to 12 m/s); between 0.04 and 3.0 ft/s 
(0.01 and 1 m/s), the system has an accuracy of 
±0.015 ft/s (0.005 m/s). 

Rosemount 87120 with Other Manufacturers' 
Flowtube Sensors: 
When calibrated in the Rosemount Flow Facility, 
system accuracies as good as 0.5% of rate can 
be attained. 

There is no accuracy specification for other 
manufacturers' flowtube sensors calibrated in the 
process line. 

• 

• 

• 
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Rosemount 8712H with 8707 Flowtube Sensor 
System accuracy is ±0.5% of rate from 3 to 30 fUs 
(1 to 10 m/s); between 0.04 and 3.0 fUs (0.01 and 
0.3 m/s), the system has an accuracy of ±0.015 
fUs (0.005 m/s). 

Optional high accuracy is ±0.25% of rate from 3 to 
30 fUs (1 to 10 m/s). 
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Analog Output Effect 

87120: 

12 18 24 
(41 • • 

VelodiJ In ftf8 (mla) 

Analog output has the same accuracy as 
frequency output plus an additional 0.05% of 
span. 

8712H: 

!10 
(10) 

Analog output has the same accuracy as 
frequency output plus an additional 0.1% of span. 

Vibration Effect 

±0.1% of span per SAMA PMC 31.1, Level 2 

Repeatability 

±0.1% of reading 

Response Time 

0.2 seconds maximum response to step change 
in input 

Stability 

±0.1% of rate over six months 

Ambient Temperature Effect 

87120: 
0.25% over operating temperature range 

8712H: 
±1% per 100 °F (37.8 °C) 

Rosemount 8700 Series 

EMC Compliance 

EN61326-1 1997 + A 1/A2/A3 (Industrial) 
electromagnetic compatibility (EMC) for process and 
laboratory apparatus. 

Physical Specifications 

Materials of Construction 

Housing 
Low-copper aluminum, NEMA 4X and 
IEC 60529 IP65 

Pollution Degree 2 

Paint 
Polyurethane 

Cover Gasket 
Rubber 

Electrical Connections 

Four 1/2-14 NPT connections provided on the base of 
the transmitter. Screw terminals provided for all of the 
connections. Power wiring connected to the 
transmitter only. Remote mounted transmitters 
require only a single conduit connection to the 
flowtube sensor. 

NOTE 
If 3/4- 14 NPT connections are required, 112 to 3/4 in. 
adapter kits are available for order. 

Line Power Fuses 

90-250 V AC systems (87120) 
2 amp, Quick-acting Bussman AGCI or equivalent 

12-42 V DC systems (87120) 
3 amp, Quick-acting Bussman AGCI or equivalent 

115 V AC systems (8712H) 
5 amp, Quick-acting Bussman AGCI or equivalent 
(Rosemount 8712H only). 

Transmitter Weight 

Transmitter approximately 91b (4 kg). Add 1 lb 
(0.5 kg) for local operator interface. 
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Rosemount 8742C Transmitter Specifications 

Functional Specifications 

Flowtube Sensor Compatibility 

Compatible with Rosemount 8705,8711,8721, and 
570TM flowtube sensors. 

Compatible with Rosemount 8707 flowtube sensor 
with D2 Dual Calibration Option. 

Conductivity Limits 

Process liquid must have a conductivity of 5 
microsiemens/cm (5 micromhos/cm) or greater for 
8742C. Excludes the effects of interconnecting cable 
length in remote mount transmitter installations. 

Flowtube Sensor Coil Resistance 

25 n maximum 

Flow Rate Range 

Capable of processing signals from fluids that are 
traveling between 0 and 39 fUs (0 to 12 m/s) for both 
forward and reverse flow in all flowtube sensor sizes. 

Power Supply 

90-250 V AC, 50-60 Hz, 15-50 V DC 

Supply Current Requirements 

Units powered by 15-50 V DC power supply may 
draw up to 1 amp of current. 

20 

FIGURE 5. DC Current Requirements 
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I = Supply current requirement (Amps) 
V = Power supply voltage (Volts) 

Installation Coordination 

Installation (overvoltage) Category II 

Power Consumption 

1 0 watts maximum 

Ambient Temperature Limits 

Operating 
-40 to 165 °F (-40 to 74 °C) without local display 
-13 to 147 °F (-25 to 65 °C) with local display 

Storage 
-40 to 185 °F (-40 to 85 °C) 

Humidity Limits 

0-100% RH to 150 °F (65 °C) 

Enclosure Rating 

NEMA 4X CSA Type 4X, IEC 60529, IP66 
(transmitter). Pollution Degree 2 

Output Signal 

Manchester-encoded digital signal that conforms to 
IEC 1158-2 and ISA 50.02 

FOUNDATION fieldbus Specifications 

Schedule Entries 

Seven (7) 

Links 

Twenty (20) 

Virtual Communications Relationships (VCRs) 

One (1) predefined (F6, F7) Nineteen (19) 
configurable (see Table 1) 

• 

• 
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TABLE 3. Block Information 

Block 

Resource (RB) 

Transducer (TB) 

Analog Input (AI) 

Proportional/Integral/ 
Derivative (PID) 
Integrator (I NT) 

Arithmetic (AR) 

Reverse Flow 

Execution Time 
(Milliseconds) 

-
-
15 

25 

20 
20 

Detects and reports reverse flow 

Software Lockout 

A write-lock switch and software lockout are provided 
in the resource function block. 

Turn-on Time 

30 minutes to rated accuracy from power up; 1 0 
seconds communication from power interruption 

Start-up Time 

• 0.2 seconds from zero flow 

Low Flow Cutoff 

• 

Adjustable between 0 and 1 fUs. Below selected 
value, output is driven to the zero flow rate. 

Overrange Capability 

Signal output continues to 110% of upper range 
value setting, then remains constant. Messages are 
supplied to the fieldbus network. 

Damping 

Adjustable between 0 and 255 seconds 

Rosemount 8700 Series 

Performance Specifications 

(System specifications are given using the unit at 
referenced conditions.) 

Accuracy 

Includes the combined effects of linearity, hysteresis, 
repeatability, and calibration uncertainty. 

s 
o 
11. 

Rosemount 8742C with 8705/8707 Flowtube 
Sensor: 
Standard system accuracy is ±0.3% of rate ±1.0 
mm/sec from 0.04 to 39 fUs (0.01 to 12 m/s). 

Optional high accuracy is ±0.2% of rate ±1.0 
mm/sec from 0.04 to 39 fUs (0.01 to 12 m/s)(1>. 
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Rosemount 8742C with 8711 Flowtube 
Sensor: 

411 
n21 

Standard system accuracy is ±0.3% of rate ±2.0 
mm/sec from 0.04 to 39 fUs (0.01 to 12 m/s). 

Optional high accuracy is ±0.2% of rate ±1.0 
mm/sec from 0.04 to 39 ft/s (0.01 to 12 m/s). 
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(1) For Flowtube Sensor sizes greater than 12 in. (300 mm) 
the high accuracy is :1:0.25% of rate from 3 to 40 ftlsec (1 
to 12 m/sec). 
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Rosemount 8742C with 8721 Flowtube 
Sensor: 
Standard system accuracy is ±0.5% of rate from 1 
to 39 ft/s (0.3 to 12 m/s); between 0.04 and 1.0 
ft/s (0.01 and 0.3 m/s), the system has an 
accuracy of ±0.005 ft/s (0.0015 m/s). 

Optional high accuracy is ±0.25% of rate from 3 to 
39 ft/s (1 to 12 m/s). 
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Rosemount 87 42C with Legacy 8705 Flowtube 
Sensors: 
Standard system accuracy is ±0.5% of rate from 1 
to 39 ft/s (0.3 to 12 m/s ); between 0.04 and 1.0 
ft/s (0.01 and 0.3 m/s), the system has an 
accuracy of ±0.005 ft/s (0.0015 m/s). 

Rosemount 8742C with Legacy 8711 Flowtube 
Sensors: 
Standard system accuracy is ±0.5% of rate from 3 
to 39 ft/s (1 to 12 m/s); between 0.04 and 3.0 ft/s 
(0.01 and 1 m/s), the system has an accuracy of 
±0.015 ft/s (0.005 m/s). 

Vibration Effect 

IEC 60770-1 

Repeatability 

±0.1% of reading 

Response Time 

0.2 seconds maximum response to step change in 
input 

Stability 

±0.1% of rate over six months 

Ambient Temperature Effect 

±0.25% of rate over operating temperature range 
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EN61326-1 1997 + A1/A2/A3 (Industrial) 
electromagnetic compatibility (EMC) for process and 
laboratory apparatus. 

Transient Protection 

The 8742C transmitter prevents damage to the 
flowmeter from transients compliant to: 

IEC 61000-4-4 (for burst currents) 
IEC 61000-4-5 (for surge currents) 

Mounting Position Effect 

None when installed to ensure flowtube sensor 
remains full 

Physical Specifications 

Materials of Construction (Transmitter) 

Housing 
Low-copper aluminum 

Paint 
Polyurethane 

Cover Gasket 
Rubber 

Electrical Connections 

Two 3/4-14 NPT with number 8 screw terminal 
connections are provided for electrical wiring. 
PG13.5 and CM20 adapters are available. Screw 
terminals provided for all connections. Power wiring 
connected to transmitter only. Integrally mounted 
transmitters are factory wired to the flowtube sensor. 

Mounting 

Integrally mounted transmitters do not require 
interconnecting cables. The local display and 
transmitter can be rotated in 90° increments. Remote 
mounted transmitters require only a single conduit 
connection to the flowtube sensor. 

Weight 

Approximately 7 pounds (3.2 kg). Add 0.5 pounds 
(0.5 kg) for local display. 

• 

• 
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Rosemount 8705 Flanged and 8707 High-Signal 
Flanged Flowtube Sensors Specifications 

Functional Specifications 

Service 

Conductive liquids and slurries 

Line Sizes 

1/2-36 in. (15-900 mm) for Rosemount 8705 

3-36 in. (80-600 mm) for Rosemount 8707 

Interchangeability 

Rosemount 8705 Flowtube Sensors are 
interchangeable with 87120, 8732, and 8742C 
Transmitters. Rosemount 8707 High-Signal Flowtube 
Sensors are interchangeable with 8712H High-Signal 
Transmitters. System accuracy is maintained 
regardless of line size or optional features. Each 
flowtube sensor nameplate has a sixteen-digit 
calibration number that can be entered into a 
transmitter through the Local Operator Interface 
(LOI) or the HART Communicator on the 87120 and 
the 8732E. In a FOUNDATION fieldbus environment, 
the 8742C can be configured using the DeltaVT111 
fieldbus configuration tool or another FOUNDATION 
field bus configuration device. No further calibration is 
necessary. 

Upper Range Limit 

39 ft/s (12 m/s) 

Process Temperature Limits 

PTFE Lining 
-20 to 350 °F (-29 to 177 oc) 

ETFE Lining 
-20 to 300 °F (-29 to 149 oc) 

PFA Lining 
-20 to 350 OF (-29 to 17rC) 

Polyurethane Lining 
0 to 140 OF (-18 to 60 °C) 

Neoprene Lining 
0 to 185 OF (-18 to 85 oc) 

Linatex Lining 
0 to 158 oF (-18 to 70°C) 

Ambient Temperature Limits 

-30 to 150 OF (-34 to 65 oc) 

Pressure Limits 

See Table 4 and Table 6 

Vacuum Limits 

PTFE Lining 
Full vacuum to 350 OF (177 °C) through 4-in. (100 
mm) line sizes. Consult factory for vacuum 
applications with line sizes of 6 inches (150 mm) 
or larger. 

All Other Standard Flowtube Sensor Lining 
Materials 
Full vacuum to maximum material temperature 
limits for all available line sizes. 

Submergence Protection 

IP68. Continuous submergence to 30ft. (10m). 
Requires conduit entries of the flowtube sensor 
remote junction box be properly sealed to prevent 
water ingress. This requires the user to install sealed 
IP68 approved cable glands, conduit connections, or 
conduit plugs. 

Conductivity Limits 

Process liquid must have a conductivity of 5 
microsiemens/cm (5 micromhos/cm) or greater for 
8705. Process liquid must have a conductivity of 50 
microsiemens/cm (50 micromhos/cm) for 8707 when 
used with 8712H, 5 microsiemens/cm when used 
with other transmitters. Excludes the effect of 
interconnecting cable length in remote mount 
transmitter installations. 
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Flowtube Sensor Temperature vs. Pressure Limits for ASME 816.5 Class Flanges 11/2- to 36-in. line sizes) (2l 

Pressure 

@ -20 to 100 "F @ 200 "F @ 300 "F @ 350 °F 
Flange Material Flange Rating I -29 to 38 •q (93 "C) (149 "C) (177 "C) 

Class 150 285 psi 260 psi 230 psi 215 psi 

Class300 740 psi 675 psi 655 psi 645 psi 

Carbon Steel Class 600 I"' I 1000 psi 800 psi 700 psi 650 psi 

Class 600 '"' 1480 psi NA NA NA 

Class 900 2220 psi 

Class 150 275 psi 235 psi 205 psi 190 psi 

Class 300 720 psi 600 psi 530 psi 500 psi 

304 Stainless Steel Class 600 !~>I 1000 psi 800 psi 700 psi 650 psi 
Class 600 1o1 1440 psi =i NA NA NA 

Class 900 2160 psi 

(1) Uner temperature limits must also be considered. Polyurefhana, Unarsx, and Naoprena have temperature l1mits of 140 'F (60 'C), 158 "F (70 "C), and 
185"F (85 "C), respectively. 

(2) 30- and 36-in. AWWA C207 Tabla 5 Class D rated to 150 psi at atmospheric temperature. 

(3) Option Coda C6 

(4) Option Code C7 

(5) Option Code S6 

(6) Option Code S7 

TABLE 5. Temperature vs. Pressure Limits (1) 

Flowtube Sensor Temperature vs. Pressure Limits for AS2129 TableD and E Flanges (4· to 24-in. line sizes) 

Pressure 

Flange Material Flange Rating 

Carbon Steel 

@ -200 to 50 "F 
(-320 to 122 •q 

101.6 psi 

203.1 psi 

@ 100 "F 
(212 "C) 

101.6 psi 

203.1 psi 

@ 150"F 
(302 "C) 

101.6 psi 

203.1 psi 

@ 200 "F 
(392 "C) 

188.6 psi 

(1) Uner temperature limits must also be considered. Polyurethane, l.matex, and Neoprene have temperature limits of 140 'F (60 'C), 158 "F (70 'C), and 
185'F (85 'C), respectively. 

TABLE 6. Temperature vs. Pressure Limits <1> 

Flowtube Sensor Temperature vs. Pressure Limtts for DIN Flanges (15 to 600 mm line sizes) 

Pressure 

@ -196 to 50 •c @ 100 ·c @ 1so•c @ 175"C 
Flange Matenal Flange Rating I -320 to 122 •F) 1212 °F) (302 "F) (347 "F) 

PN 10 10 bar 10 bar 9.7 bar 9.5 bar 

Carbon Steel 
PN 16 16 bar 16 bar 15.6 bar 15.3 bar 

PN25 25bar 25bar 24.4 bar 24.0 bar 

PN40 40bar 40bar 39.1 bar 38.5 bar 

PN 10 9.1 bar 7.5 bar 6.8 bar 6.5 bar 

304 Stainless Steel 
PN 16 14.7 bar 12.1 bar 11.0 bar 10.6bar 

PN25 23bar 18.9 bar 17.2 bar 16.6 bar 

PN40 36.8 bar 30.3 bar 27.5 bar 26.5bar 

( 1) Unar temperature limits must also be conSJdered. Polyurefhana, Unatax, and Neoprene have temperature limits of 140'F. 158'F. and 185 'F. respectively. 

24 

• 

• 

• 



• 

• 

• 

Product Data Sheet 
00813-01 00-4 727, Rev RA 
December 2007 

Performance Specifications 

(System specifications are given using the frequency 
output and with the unit at referenced conditions.) 

Accuracy 

Includes the combined effects of linearity, hysteresis, 
repeatability, and calibration uncertainty. 

Rosemount 8705/8707 with 8732E and 87120: 
Standard system accuracy is ±0.25% of rate ±1.0 
mm/sec from 0.04 to 6 ftls {0.01 to 2 rn/s); above 
6 ft/s {2 m/s), the system has an accuracy of 
±0.25% of rate ±1.5 mm/sec. 

Optional high accuracy is ±0.15% of rate ±1.0 
mrn/sec from 0.04 to 13 ft/s (0.01 to 4 m/s); above 
13 ft/s (4 m/s), the system has an accuracy of 
±0.18% of rate.(1) 

Rosemount 8742C with 8705/8707 Flowtube 
Sensor: 
Standard system accuracy is ±0.3% of rate ±1.0 
mrn/sec from 0.04 to 39 ft/s (0.01 to 12 rn/s). 

Optional high accuracy is ±0.2% of rate ±1.0 
mm/sec from 0.04 to 39 ftls (0.01 to 12 m/s)(1). 

Rosemount 8707 with 8712H: 
System accuracy is ±0.5% of rate from 3 to 30 ft/s 
(1 to 10 m/s); between 0.04 and 3.0 ftls (0.01 and 
0.3 m/s), the system has an accuracy of ±0.005 
ft/s {0.0015 m/s). 

Vibration Effect 

IEC 60770-1 

Mounting Position Effect 

None when installed to ensure flowtube sensor 
remains full 

(1) For Flowtube Sensor sizes greater than 12 in. (300 mm) 
the high accuracy is ±0.25% of rate from 3 to 40 It/sec (1 
to 12m/sec). 

Rosemount 8700 Series 

Physical Specifications 

Non-Wetted Materials 

Flowtube Sensor 
AISI Type 304 SST {optional 316L SST) 

Flanges 
Carbon steel, AISI Type 304/304L SST, or Type 
316/316L SST 

Housing 
Welded steel 

Paint 
Polyurethane 

Process Wetted Materials 

Lining 
PFA, PTFE, ETFE, polyurethane, neoprene, 
Linatex 

Electrodes 
316L SST, Nickel Alloy 276 (UNS N10276), 
tantalum, 80% platinum-20% iridium, titanium 

Process Connections 

ASME 816.5 (ANSI) Class 150, Class 300, 
Class 600, or Class 900 
0.5- to 30-in. (Class 150) 

0.5- to 24-in. (Class 300) 

0.5- to 10-in. {Class 600 derated to 1000 psi max) 

1- to 8-in. (Full rated Class 600 and 900) 

AWWA C207 Table 3 Class 0 
30 and 36 in. 

EN 1092 {DIN) PN 10, 16, 25, and 40 
PN 1 0: Not available for flange sizes from 
15 to 150 mm 

PN 16: Not available for flange sizes from 
15 to 80 mm 

PN 25: Not available for flange sizes from 
15 to 150 mm 

PN40: Available for all flange sizes 

AS 2129 TableD and E 
0.5 to 36 in. 

Electrical Connections 

Two 1f2-14 NPT connections with number 8 screw 
terminals are provided in the terminal enclosure for 
electrical wiring. 
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Rosemount 8700 Series 

Grounding Electrode 

An optional grounding electrode can be installed 
similarly to the measurement electrodes through the 
flowtube sensor lining on 8705 flowtube sensors. It is 
available in all electrode materials. 

Grounding Rings 

Optional grounding rings can be installed between 
the flange and the tube face on both ends of the 
flowtube sensor. Single ground rings can be installed 
on either end of the flowtube sensor. They have an 
I. D. slightly smaller than the flowtube sensor I. D. and 
an external tab to attach ground wiring. Grounding 
rings are available in 316L SST, Nickel Alloy 276 
(UNS N10276), titanium, and tantalum. 

Lining Protectors 

Optional lining protectors can be installed between 
the flange and the tube face on both ends of the 
flowtube sensor. The leading edge of lining material 
is protected by the lining protector; lining protectors 
cannot be removed once they are installed. Lining 
protectors are available in 316L SST, Nickel Alloy 
276 (UNS N10276), and titanium. 

Dimensions 

See Figure 9, Figure 10, and Figure 12 and Table 16, 
Table 19, and Table 20. 

Weight 

See Table 7 and Table 8 
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TABLE 7. Flowtube Sensor Weight (ASME) 

Rosemount 8700 Series 

Flowtube Sensor Flange Rating Flowtube Sensor Weight 
Nominal Line Size(1l Inches (mm) ASME B16.5 (ANSI) EN 1092-1 (DIN) lb (kg) 

Yz(15) 150 PN40 20 (9) 
y. (15) 300 22 (10) 
1 (25) 150 PN40 20 (9) 
1 (25) 300 22 (10) 

1Y. (40) 150 PN40 22 (10) 
1 y. (40) 300 24 (11) 
2 (50) 150 PN40 26 (12) 
2 (50) 300 28 (13) 
3 (80) 150 PN40 40 (18) 
3 (80) 300 47 (21) 

4 (1 00) 150 PN 16 48 (22) 
4 (1 00) 300 65 (30) 
6 (150) 150 PN 16 81 (37) 
6 (150) 300 93 (42) 
8 (200) 150 PN 10 110(50) 
8 (200) 300 162 (74) 
10 (250) 150 PN10 220 (98) 
10 (250) 300 300 (136) 
12 (300) 150 PN 10 330 (150) 
12 (300) 300 435 (197) 
14 (350) 150 PN 10 370 (168) 
16 (400) 150 PN 10 500 (227) 
18 (450) 150 PN 10 600 (272) 
20 (500) 150 PN 10 680 (308) 
24 (600) 150 PN 10 1,000 (454) 
30 (750) 125 - 1,747 (792) 
36 (900) 125 - 1,975 (898) 

(1) 30- and 36-m. AWWA C207 Tabla 2 Class D rated to 150 psi at atmospheric temperatura. 

TABLE 8. Flowtube Sensor weights (AS2129) 

Nominal Line Size Inches (mm) AS2129 Flowtube Sensor Weight lb (kg) 

4 (100) D 33 (15) 
4 (100) E 37 (17) 
6 (150) D 66 (30) 
6 (150) E 71 (32) 

8 (200) D 86 (39) 
8 (200) E 88 (40) 

10 (250) D 187 (85) 
10 (250) E 201 (91) 
12 (300) D 273 (124) 
12 (300) E 284 (129) 
14 (350) D 293 (133) 
14 (350) E 317 (144) 
16 (400) D 386 (175) 
16 (400) E 430 (195) 
18 (450) D 516 (234) 
18 (450) E 569 (258) 
20 (500) D 569 (258) 
20 (500) E 626 (284) 
24 (600) D 855 (388) 
24 (600) E 974 (442) 
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Rosemount 8711 Wafer Flowtube Sensor 
Specifications 

SPECIFICATIONS 

Functional Specifications 

Service 

Conductive liquids and slurries 

Line Sizes 

0.15 in. through 8 in. (4 through 200 mm) 

Interchangeability 

Rosemount 8711 Flowtube Sensors are 
interchangeable with 8732E, 87120 and 8742C 
Transmitters. System accuracy is maintained 
regardless of line size or optional features. Each 
flowtube sensor nameplate has a sixteen-digit 
calibration number that can be entered into a 
transmitter through the Local Operator Interface 
(LOI) or the HART Communicator on the Rosemount 
87120 and the 8732E. In a FOUNDATION fieldbus 
environment, the 87 42C can be configured using the 
DeltaV fieldbus configuration tool or another 
FouNDATION fieldbus configuration device. No further 
calibration is necessary. 

Upper Range Limit 

39 ft/s (12 rnls) 

Process Temperature Limits 

ETFE Lining 
-20 to 300 °F (-29 to 149 °C) for 0.5- through 8-in. 
(15-200 mm) line sizes 

PTFE Lining 
-20 to 350 OF (-29 to 177 °C) 

PFA Lining 
-20 to 200 OF (-29 to 93 oc) 

Ambient Temperature Limits 

-30 to 150 °F (-34 to 65 oc) 
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Maximum Safe Working Pressure at 100 °F 
(38 °C) 

ETFE Lining 
Full vacuum to 740 psi (5.1 MPa) for 0.5- through 
8-in. 
(15 through 200 mm) flowtube sensors 

PTFE Lining 
Full vacuum through 4-in. (100 mm) line sizes. 
Consult factory for vacuum applications with line 
sizes of 6 inches (150 mm) or larger. 

PFA Lining 
Full vacuum to 285 psi (1.96 MPa) for 0.15- and 
0.30-in. (4 and 8 mm) flowtube sensors 

Conductivity Limits 

Process liquid must have a conductivity of 5 
microsiemens/cm (5 micromhos/cm) or greater for 
8711. Excludes the effect of interconnecting cable 
length in remote mount transmitter installations. 

Performance Specifications 

(System specifications are given using the frequency 
output and with the unit at referenced conditions.) 

Accuracy 

Rosemount 8711 with 8732E and 87120: 
Standard system accuracy is ±0.25% of rate ±2.0 
mm/sec from 0.04 to 39 ft/s (0.01 to 12 m/s). 

Optional high accuracy is ±0.15% of rate ±1.0 
mm/sec from 0.04 to 13 ftls (0.01 to 4 m/s); above 
13 ftls (4 m/s), the system has an accuracy of 
±0.18% of rate. 

Rosemount 8742C with 8711 Flowtube 
Sensor: 
Standard system accuracy is ±0.3% of rate ±2.0 
mm/sec from 0.04 to 39 ftls (0.01 to 12 m/s). 

Optional high accuracy is ±0.2% of rate ±1.0 
mm/sec from 0.04 to 39 ft/s (0.01 to 12 m/s). 

Vibration Effect 

IEC 60770-1 

• 
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Mounting Position Effect 

No effect when installed to ensure flowtube sensor 
remains full 

Physical Specifications 

Non-Wetted Materials 

Flowtube Sensor 
303 SST (ASTM A-743) 

Coil Housing 
Investment cast steel (ASTM A-27) 

Paint 
Polyurethane 

Process-Wetted Materials 

Lining 
ETFE, PTFE and PFA 

Electrodes 
316L SST, Nickel Alloy 276 (UNS N10276), 
tantalum, 
80% platinum-20% iridium, titanium 

Process Connections 

Mounts between these Flange Configurations 
ASME 816.5 (ANSI): Class 150, 300 

EN 1092 (DIN): PN 10 and 25 

8S: 10 TableD, E, and F 

Studs, Nuts, and Washers(1) 

ASME 816.5 (ANSI) 

0.15- through 1-in. (4 through 25 mm): 
316 SST, ASTM A193, Grade 88M, Class 1 
threaded mounting studs; ASTM A 194, Grade 8M 
heavy hex nuts; SAE per ANSI 818.2.1, Type A, 
Series N flat washers. 

1.5- through 8-in. (40 through 200 mm): 
CS, ASTM A193, Grade 87, Class 1 threaded 
mounting studs; ASTM A 194, Grade 2H heavy 
hex nuts; SAE per ANSI 818.2.1, Type A, Series 
N flat washers; all items clear, chromate 
zinc-plated . 

(1) 0.15 and 0.30 in. (4 and 80 mm) flowtube sensors 

mount between 1!2-in. flange. 

Rosemount 8700 Series 

EN 1092 (DIN) 

4 through 25 mm (0.15- through 1-in.): 
316 SST ASTM A193, Grade 88M Class 1 
threaded mounting studs; ASTM A 194, Grade 
8M, DIN 934 H=D, metric heavy hex nuts; 316 
SST, A4, DIN 125 flat washers. 

40 through 200 mm (1.5- through 8-in.): 
CS, ASTM A 193, Grade 87 threaded mounting 
studs; ASTM A194, Grade 2H, DIN 934 H=D, 
metric heavy hex nuts; CS, DIN 125 flat washers; 
all items yellow zinc-plated. 

Electrical Connections 

Two 1/2-14 NPT connections with number 8 screw 
terminals are provided in the terminal enclosure for 
electrical wiring. 

Grounding Electrode 

An optional grounding electrode can be installed 
similarly to the measurement electrodes through the 
flowtube sensor lining. It is available in all electrode 
materials. 

Grounding Rings 

Optional grounding rings can be installed between 
the flange and the tube face on both ends of the 
flowtube sensor. They have an I.D. slightly smaller 
than the flowtube sensor I.D. and an external tab to 
attach ground wiring. Grounding rings are available 
in 316L SST, Nickel Alloy 276 (UNS N10276), 
titanium, and tantalum. 

Dimensions and Weight 

See Figure 11, Figure 12, and Table 21 
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Rosemount 8721 Sanitary Flowtube Sensor 
Specifications 

Functional Specifications 

Service 

Conductive liquids and slurries 

Line Sizes 

112- 4 in. (15--1 00 mm) 

Flowtube Sensor Compatibility and 
Interchangeability 

The Rosemount 8721 Flowtube Sensors are 
interchangeable with Rosemount 8732, 8742, and 
87120 transmitters. System accuracy is maintained 
regardless of line size or optional features. 

Each flowtube sensor nameplate has a sixteen-digit 
calibration number that can be entered into the 
transmitter through the Local Operator Interface 
(LOI) or the HART Communicator. No further 
calibration is necessary. 

Flowtube Sensor Compensation 

Rosemount flowtube sensors are flow-calibrated and 
assigned a calibration factor at the factory. The 
calibration factor is entered into the transmitter, 
enabling interchangeability of flowtube sensors 
without calculations or a compromise in accuracy. 

Conductivity Limits 

Process liquid must have a conductivity of 5 
microsiemens/cm (5 micromhos/cm) or greater. 
Excludes the effect of interconnecting cable length in 
remote mount transmitter installations. 

Flowtube Sensor Coil Resistance 

50 to 1 on (line size dependent) 

Flow Rate Range 

Capable of processing signals from fluids that are 
traveling between 0.04 and 39 ft/s (0.01 to 12 m/s) 
for both forward and reverse flow in all flowtube 
sensor sizes. Full scale continuously adjustable 
between -39 and 39 ft/s (-12 to 12 m/s). 
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Flowtube Sensor Ambient Temperature Limits 

14 to 140 oF (-15 to 60 oC) 

Process Temperature Limits 

PFA Lining 
-20 to 350 oF (-29 to 177 °C) 

Pressure Limits 

Line Size I 
Max Working 

I 
CE Mark Max. Working 

Pressure Pressure 

2 pSI ar I (15) 300 (207b ) PSI ar 300 (207b) 

1 (25) 300 psi (20.7 bar) 300 psi (20.7 bar) 

1 /2 (40) 300 psi (20.7 bar) 300 psi (20.7 bar) 

2 (50) 300 psi (20.7 bar) 300 psi (20.7 bar) 

21/2 (65) 300 psi (20.7 bar) 240 psi (16.5 bar) 

3 (80) 300 psi (20.7 bar) 198 psi (13.7 bar) 

4 (100) 210 psi (14.5 bar) 148 psi (10.2 bar) 

Vacuum Limits 

Full vacuum at maximum lining material temperature; 
consult factory. 

Submergence Protection (Fiowtube Sensor) 

IP68. Continuous submergence to 30ft. (10m). 
Requires conduit entries of the flowtube sensor 
remote junction box be properly sealed to prevent 
water ingress. This requires the use of sealed IP68 
approved cable glands, conduit connections, or 
conduit plugs. 

Performance Specifications 

(System specifications are given using the frequency 
output and with the unit at referenced conditions). 

Accuracy 

Rosemount 8732, 8742, or 87120 with 8721 
Flowtube Sensor 
System accuracy is ±0.5% of rate from 1 to 39 ft/s 
(0.3 to 12 m/s); includes combined effects of 
linearity, hysteresis, repeatability, and calibration 
uncertainty; between 0.04 and 1.0 ft/s (0.01 and 
0.5 m/s), the system has an accuracy of ±0.005 
ft/s. 

• 

• 
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Repeatability 

±0.1% of reading 

Response Time 

0.2 seconds maximum response to step change 
in input 

Stability 

±0.1% of rate over six months 

Ambient Temperature Effect 

±1% per 100 Of (37.8 °C) 

Mounting Position Effect 

None when installed to ensure flowtube sensor 
remains full. 

Physical Specifications 

Mounting 

Integrally mounted transmitters are factory-wired and 
do not require interconnecting cables. The 
transmitter can rotate in 90° increments. Remote 
mounted transmitters require only a single conduit 
connection to the flowtube sensor. 

Non-Wetted Materials (Fiowtube Sensor) 

Flowtube Sensor 
304 Stainless Steel (wrapper}, 304 Stainless Steel 
(pipe) 

Terminal Junction Box 
Cast aluminum, polyurethane coated 
Optional: 304 Stainless Steel 

Paint 
Polyurethane 

Weight 
TABLE 9. 8721 Flowtube Sensor weight 

Flowtube Sensor 008721-0350 Tri-Ciamp 
Line Size Only fitting (each) 

0.5 4.84 lbs (2.2 kg) 

1.0 4.52 (2.1 kg) 

1.5 5.52 (2.5 kg) 

2.0 6.78 (3.1 kg) 

2.5 8.79 (2.1 kg) 

3.0 13.26 (2.1 kg) 

4.0 21.04 (2.1 kg) 

Aluminum remote junction box 
Approximately 1 pound (0.45 kg) 

SST remote junction box 
Approximately 2.5 pounds (1.13 kg) 

0.58 

0.68 

0.88 
1.30 

1.66 

2.22 
3.28 

Rosemount 8700 Series 

Process Wetted Materials (Fiowtube Sensor) 

Liner 
PFA with Ra < 32J.linch (0.81J.lm) 

Electrodes 
316L SST with Ra < 15J.l in. {0.38J.1. m) 

Nickel Alloy 276 (UNS N1 0276) with Ra < 15J.l in. 
{0.38J.l m) 

80% Platinum-20% Iridium with Ra < 15J.1. in. 
(0.38J.lm) 

Process Connections 

The Rosemount 8721 Sanitary Flowtube Sensor is 
designed using a standard IOF fitting as the basis for 
providing a flexible, hygienic interface for a variety of 
process connections. The Rosemount 8721 
Flowtube Sensor has the threaded or umale" end of 
the IOF fitting on the ends of the base flowtube 
sensor. The flowtube sensor can be directly 
connected with user supplied IDF fittings and 
gaskets. If other process connections are needed, 
the IOF fittings and gaskets can be provided and 
welded directly into the sanitary process tubing, or 
can be supplied with adapters to standard 
Tri-Ciamp® process connections. All connections are 
PED compliant for group 2 fluids. 

Tri-Ciamp® Sanitary Coupling 

IDF Sanitary Coupling (screw type) 
IOF specification per BS4825 part 4 

ANSI Weld Nipple 

DIN 11850 Weld Nipple 

DIN 11851 (Imperial and Metric) 

DIN 11864-1 form A 

DIN 11864-2 form A 

SMS 1145 

Cherry-Burreiii-Line 

Process Connection Material 

316L Stainless Steel with Ra < 32J.linch (0.81J.lm) 

Optional Electropolished Surface Finish with Ra < 
15J.l in. {0.38J.l m) 

Process Connection Gasket Material 

Silicone 

EPDM 
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Electrical Connections (Fiowtube Sensor) 

Two 1/2-14 NPT connections with number 8 screw 
terminals are provided in the terminal enclosure for 
electrical wiring. 

Flowtube Sensor Dimensions 

Refer to Figure 13 

NOTES 
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Rosemount 87140 Reference Calibration 
Standard Specifications 

Functional Specifications 

Ambient Temperature Limits 

Operating 
-30 to 140 °F (-34 to 60 oc) 

Storage 
-40 to 140 °F (-40 to 60 oc) 

Humidity Limits 

0 to 95% relative humidity 

Performance Specifications 

Accuracy 

±0.05% of rate at 30ft/sat 25°C 

• ±0. 10% of rate at 1 0 ftls and 3 ftls 

Warm-up Time 

• 

30 minutes 

Ambient Temperature Effect 

< 0.015% of rate per 10 °F (< 0.027% per 10 °C) 

Humidity Effect 

No effect from 0 to 60% relative humidity < 0.10% of 
rate from 60 to 90% relative humidity 

Long-Term Stability 

< 0.10% of rate shift in one year 

Physical Specifications 

Electrical Connections 

Electrical connections are compatible with 87120, 
8732 or 8742 terminal blocks. Not for use with the 
B712H High Signal Transmitter. 

Mounting 

Any position is acceptable 

Materials of Construction 

Housing 
Extruded aluminum 

Covers 
Stamped aluminum, silk-screened 

Paint 
Polyurethane 

Weight 
Approximately 3 lb (2 kg) 
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Product Certifications 

Approved Manufacturing Locations 
Rosemount Inc. - Eden Prairie, Minnesota, USA 

Fisher-Rosemount Technologias de Flujo, S.A. de C.V. -
Chihuahua Mexico 

Emerson Process Management Flow- Ede, The Netherlands 

EUROPEAN DIRECTIVE INFORMATION 
The EC declaration of conformity for all applicable European 
directives for this product can be found on our website at 
www.rosemount.com. A hard copy may be obtained by contacting 
our local sales office. 

ATEX Directive 
Rosemount Inc. complies with the ATEX Directive. 
Type n protection type in accordance with EN50 021 

&, • Closing of entries in the device must be carried out using the 
appropriate EExe or EExn metal cable gland and metal 
blanking plug or any appropriate ATEX approved cable gland 
and blanking plug with IP66 rating certified by an EU approved 
certification body. 

For Rosemount 8732E transmitters: 

Complies with Essential Health and Safety Requirements: 
EN 60079-0: 2006 
IEC 60079-1: 2007 
EN 60079-7: 2007 
EN 60079·11: 2007 
EN 60079·26: 2004 
EN 50281-1-1: 1998 + A1 

European Pressure Equipment Directive 
{PED) {97/23/EC) 

Rosemount 8705 and 8707 Magnetic Flowmeter 
flowtube sensors in line size and flange 
combinations: 

Line Size: 11/2 in. - 24 in. with all DIN flanges and ANSI 150 and 
ANSI 300 flanges. Also available with ANSI 600 flanges in 
limited line sizes. 

Line Size: 30 in.· 36 in. with AWWA 125 flanges 
as Certificate of Assessment - EC No. PED-H-20 
Module H Conformity Assessment 

Rosemount 8711 Magnetic Flowmeter Flowtube 
Sensors 
Line Sizes: 1.5, 2, 3, 4, 6, and 8 in. 
as Certificate of Assessment - EC No. PED-H-20 
Module H Conformity Assessment 

Rosemount 8721 Sanitary Magmeter Flowtube Sensors 
in line sizes of 11/2 in. and larger: 
Module A Conformity Assessment 
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All other Rosemount 8705/8707/8711/8721 
Flowtube Sensors -
in line sizes of 1 in. and less: 
Sound Engineering Practice 

Flowtube Sensors that are SEP are outside the scope of PED and 
cannot be marked for compliance with PED. 

Mandatory CE-marking for flowtube sensors in accordance with 
Article 15 of the PED can be found on the flowtube sensor body 
(CE 0575). 

Flowtube Sensor category I is assessed for conformity per module 
A procedures. 

Flowtube Sensor categories II - IV, use module H for conformity 
assessment procedures. 

Electro Magnetic Compatibility {EMC) 
{2004/1 08/EC) 
Models 8712D and 8742C- EN 50081-1: 1992, EN 50082-2: 
1995, 
Modei8732E- EN 61326: 1997: A1 + A2 + A3 

Installed signal wiring should not be run together and should not 
be in the same cable tray as AC power wiring. 

Device must be properly grounded or earthed according to local 
electric codes. 

To improve protection against signal interference, shielded cable is 
recommended. 

Low Voltage Directive {93/68/EEC) 
Model 8712D and Model 8742C- EN 61010 -1: 1995 

Low Voltage Directive {2006/95/EC) 
Model 8732E - EN 61010 -1: 2001 

Other important guidelines 
Only use new, original parts. 

To prevent the process medium escaping, do not unscrew or 
remove process flange bolts, adapter bolts or bleed screws during 
operation. 

Maintenance shall only be done by qualified personnel. 

CE CE Marking 
Compliance with all applicable European Union Directives. 
(Note: CE Marking is not available on Rosemount 8712H). 

IECEx Directive 
Rosemount Inc. complies with the IECEx Directive. 

For Rosemount 8732E transmitters: 

Complies with Essential Health and Safety Requirements: 
IEC 60079-0 : 2004 
IEC 60079-1 : 2007-04 
IEC 60079·11 : 2006 
IEC 60079-26 : 2006 
IEC 60079·7 : 2006-07 
IEC 61241-0: 2004 
IEC 61241·1 : 2004 
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HAZARDOUS LOCATIONS PRODUCT APPROVALS OFFERING 

The Rosemount 8700 Series Magnetic Flowmeters offer many different hazardous locations certifications. The 
table below provides an overview of the available hazardous area approval options. Equivalent hazardous 
locations certifications for flowtube sensor and transmitter must match in integrally mounted magnetic flowmeter 
systems. Remote mounted magnetic flowmeter systems do not require matched hazardous location certifications. 
For complete information about the hazardous area approval codes listed, see Hazardous Location Certifications 
starting on page 38. 

TABLE 10. Factory Mutual (FM) Approvals Offering 

FM Category Hazardous Area Approval Code 

(1) Remote Transmitter Only 

(2) Available in line sizes 0.5 in. to 8 m. (15 mm to 200 mm) only 

(3) For I.S. Output, Output Code B must be ordered 

(4} 8707 Flowtube Sensor has Temp Code - T3C 

(5} Product Certification Codes ara added to the Flowtube Sensor model number only 

(6) Only available with PTFE (all line sizes) or Polyurethane (4 in. or larger} Lining Materials and 316L SST Electrodes 
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TABLE 11. Canadian Standards Association (CSA) Approvals Offering 

FM Category Hazardous Area Approval Code 

(1) Remote Transmitter Only 

(2) 8707 Flowtube Sensor has Temp Code - T3C 

(3) Product Certification Codes are added to the Flowtube Sensor model number only 

(4) Only available With PTFE (all line sizes) or Polyurethane (4 in. or largerj Uning Materials and 316L SST Electrodes 
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TABLE 12. ATEX Approvals Offering 

ATEX Category Hazardous Area Approval Code 

(1) Remote Transmttter Only 

(2) Wdh integral mount transmitter, approval is valid for Gas Group liB 

(3) For I.S. Output, Output Code B must be orderad 

(4) Product Certification Codes ara added to the Flowtube Sensor model number only 

(5) Only available with PTFE (all/me sizes) or Polyurathane (4 in. or largerj Uning Materials and 316L SST Electrodes 
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8711 

IECEx Category Hazardous Area Approval Code 

(1) Available in remote mount configuretlon only. Requires equivalent ATEX approval on the flowtuba sensor 

(2) For /.S. Output, Output Coda B must ba ordered 

(3) Product Certification Codas are added to the Flowtube Sensor modal number only 

(4) Only available with PTFE (all/ina sizes) or Polyurethane (4 in. or lafTJarj Unmg Materials and 316L SST Electrodes 

HAZARDOUS LOCATION CERTIFICATIONS 
Equivalent Hazardous Location Certifications for flowtube sensor and transmitter must match in integrally-mounted magnetic flowmeter 
systems. Remote-mounted systems do not require matched hazardous location certification option codes. 

Transmitter Approval Information 
TABLE 14. Transmitter Option Codes 

(1) Refer to Tabla 17 on page 44 for relation between ambient tempareture, process temperature, and temperatura class. 
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North American Certifications 
Factory Mutual (FM) 

NOTE 
For intrinsically safe (IS) outputs on the 8732E output 
option code B must be selected. 
IS outputs for Class I, Division 1, Groups A, B, C, D. 

Temp Code- T4 at 60°C 

NOTE 
For the 8732E transmitters with a local operator 
interface (LOI), the lower ambient temperature limit is 
-20 °C. 

NO Division 2 Approval (All transmitters) 

Reference Rosemount Control Drawing 08742-1051 
(8742C) or 08732-1052 (8732E/8742C). 

Class I, Division 2, Groups A, 8, C, D 
Temp Codes- T4 (8712 at 40"C, 8742 at 60"C), 
T 4 (8732 at so•c: -50 ·c s Ta s so "C) 

Dust-ignition proof Class 11/lll, Division 1, Groups E, F, G 
Temp Codes- T4 (8712 at40"C), T5 (8732 at60"C), T6 
(8742 at60"C) 

Enclosure Type 4X 

KO Division 2 Approval with 
Intrinsically Safe Output (8742 Only) 

Reference Rosemount Control Drawing 08742-1051 

Class I, Division 2, Groups A, B, C, D with IS output for 
Class I, Division 1, Groups A, B, C, D. 
Temp Code- T4 at 60"C 

Dust-ignition proof Class I IIlii, Division 1, Groups E, F, G 
Temp Code- T6 at 60"C 

Enclosure Type 4X 

KS Explosionproof Approval with 
Intrinsically Safe Output (8742 only) 

Reference Rosemount Control Drawing 087 42-1051 

Explosion-Proof for Class I, Division 1, Groups C, D with IS 
output for Class I, Division 1, Groups A, B, C, D. 
Temp Code- T4 at 60"C 

Dust-ignition proof Class I IIIII, Division 1, Groups E, F, G 
Temp Code - T6 at 60"C 

Class I. Division 2, Groups A, B, C, D 
Temp Codes- T4 (8742 at 60"C) 

Enclosure Type 4X 

NS Division 2 Approval (All Transmitters) 
For flowtube sensors with IS electrodes only 

Reference Rosemount Control Drawing 08742-1051 
(8742C) or 08732-1052 (8732E). 

Class I, Division 2. Groups A, B, C, D 
Temp Codes- T4 (8712 at 40"C, 8742 at 60"C), 
T4 (8732 at 60"C· -50 "C s Ta s 60 "C) 

Dust-ignition proof Class 111111. Division 1, Groups E, F, G 
Temp Codes- T4 (8712 at 40"C), T5 (8732 at 60"C). T6 
(8742 at 60"C) 

Enclosure Type 4X 

Rosemount 8700 Series 

ES Explosion-Proof Approval (8732 and 8742 only) 

Reference Rosemount Control Drawing 08732-1052 

Explosion-Proof for Class I, Division 1, Groups C. D 
Temp Code- T6 at 60"C 

Dust-ignition proof Class I IIIII, Division 1, Groups E, F, G 
Temp Code- T5 at 60"C 

Class I, Division 2, Groups A, B, C, D 
Temp Codes- T4 (8742 at 60"C), T4 (8732 at 60"C) 

Enclosure Type 4X 

Canadian Standards Association (CSA) 

NOTE 
For intrinsically safe (IS) outputs on the 8732E output 
option code B must be selected. 
IS outputs for Class I, Division 1, Groups A, B, C. D. 

Temp Code- T 4 at 60°C 

NO Division 2 Approval 

Reference Rosemount Control Drawing 08732-1051 
(8732E or 8742C only) 

Class I, Division 2, Groups A, B, C. D 
Temp Codes- T4 (8732 at 60"C: -50 •c s Ta s 60 "C), 
T4 (8742 at60"C) 

Dust-Ignition proof Class 111111, Division 1, Groups E, F, G 
Temp Codes- T4 (8712 at 40"C), T5 (8732 at 60"C), T6 
(8742 at 60"C) 

Enclosure Type 4X 

KO Division 2 Approval with 
Intrinsically Safe Output (8742 Only) 

Reference Rosemount Control Drawing 08742-1052 

Class I, Division 2, Groups A, B, C, D with IS output for 
Class I, Division 1, Groups A, B. C, D. Temp Code- T4 at 
6o·c 
Dust-ignition proof Class 111111, Division 1, Groups E. F, G 
Temp Code - T6 at 60"C 

Enclosure Type 4X 
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European Certifications 

NOTE 
For intrinsically safe (IS) outputs on the 8732E output 
option code B must be selected. 
IS outputs for Ex de [ia]IIB or IIC T6 

E1 ATEX Flameproof 

Hydrogen gas group 
8732- Certificate No.: KEMA 07ATEX0073 X@ 112G 
Ex de IIC or Ex de [ia]IIC T6 (-20"C ~ Ta ~ +57"C) 
with LOI T6 (-20"C ~ Ta ~ +57"C) 
8742- Certificate No.: 03ATEX2159X@ 112G 
EEx de liB+ H2 T6 (-20"C ~ Ta ~ +65"C) 
Vmax= 250 V AC or42 V DC 
(( 0575 

ED ATEX Flameproof 

8732- Certificate No.: KEMA 07ATEX0073 X @ II 2G 
Ex de liB or Ex de [ia]IIB T6 (-20"C ~ Ta ~ +57"C) 
with LOI T6 (-20"C ~ Ta ~ +57" C) 
V max = 250 V AC or 42 V DC 
(( 0575 

ND ATEX Dust 
8732 - Certificate No.: KEMA 06ATEX0006 @ II 1 D 
max ~T = 40 "K(1l 
Amb. Temp. Limits: (-20 •c ~ Ta ~ + 65 "C) 
Vmax = 250 V AC or42 V DC 
IP66 
(( 0575 

SPECIAL CONDITIONS FOR SAFE USE 
(KEMA 07ATEX0073 X): 
If the Rosemount 8732 Flow Transmitter is used integrally with the 
Rosemount 8705 or 8711 Flowtube Sensors, it shall be assured 
that the mechanical contact areas of the Flowtube Sensor and 
Flow Transmitter comply with the requirements for flat joints 
according to standard ENIIEC 60079-1 clause 5.2. 

The relation between ambient temperature, process temperature, 
and temperature class is to be taken from the table under (15-
description) above. (See Table 17) 

The electrical data is to be taken from the summary under (15-
electrical data) above. (See Table 16) 

If the Rosemount 8732 Flow Transmitter is used integrally with the 
Junction Box, it shall be assured that the mechanical contact 
areas of the Junction Box and Flow Transmitter comply with the 
requirements for flanged joints according to standard EN/IEC 
60079-1 clause 5.2. 

Per EN60079-1: 2004 the gap of the joint between transmitter and 
remote junction boxlflowtube sensor is less than required per table 
1 clause 5.2.2, and is only approved for use with an approved 
Rosemount transmitter and approved junction boxlflowtube 
sensor. 

(1) Max surface temperature is 40 ·c above the ambient 

40 
temperature conditions. Tmax = 100 •c 
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INSTALLATION INSTRUCTIONS: 
The cable and conduit entry devices and blanking elements shall 
be of a certified flameproof type, suitable for the conditions of use 
and correctly installed. With the use of conduit, a certified stopping 
box shall be provided immediately to the entrance of the 
enclosure. 

ED 8742- Certificate No: KEMA03ATEX2159X@ II 2G 
EEx de liB T6 (Ta = -20"C to +65"C) 
Vmax= 250 VAC or50V DC 
(( 0575 

K1 ATEX Flameproof with 
Intrinsically Safe Output (8742 only) 

Certificate No.: KEMA03ATEX2159x@ 112G 
ATEX EEx de [ia]IIC T6 (-20 "C ~ Ta ~ +65 "C) 
V max = 250 V AC or 50 V DC 
(( 0575 
See Table 12 for Electrical Parameters 

KD ATEX Flameproof with 
Intrinsically Safe Output (8742 only) 

Certificate No: KEMA03ATEX2159X @II 2G 
EEx de [ia]IIB T6 (Ta = -20"C to +65"C) 
V max = 250 V AC or 50 V DC 
(( 0575 
See Table 16 for Electrical Parameters 

SPECIAL CONDITIONS FOR SAFE USE (X) (03ATEX2159X): 
The relation between ambient temperature, process temperature 
and temperature class is to be taken from the table under (15 -
description) above. (See Table 17). 

If the Rosemount 87 42C Flow Transmitter is used integrally with 
the Junction Box, it shall be assured that the mechanical contact 
areas of the Junction Box and Flow Transmitter comply with the 
requirements for flanged joints according to standard EN 50018, 
clause 5.2. 

INSTALLATION INSTRUCTIONS: 
The cable and conduit entry devices and the closing elements 
shall be of a certified increased safety type, suitable for the 
conditions of use and correctly installed. 

At ambient temperatures above 50"C, the flow meter shall be used 
with heat resistant cables with a temperature rating of at least 
9o•c. 

A Junction Box in type of explosion protection increased safety ·e· 
may be attached to the base of the Rosemount 8732E or 8742C 
Flow Transmitter, permitting remote mounting of the Rosemount 
8705 and 8711 Flowtube Sensors. 

Ambient temperature range of the Junction Box: -20 •c to +65 ·c. 

The Junction Box is classified as II 2 G Ex e liB T6 and certified 
under KEMA 07ATEX0073 X and KEMA 03ATEX2052X. 

• 
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N1 ATEX Type n 

8712D -ATEX Certificate No: BASEEFA 05ATEX0170X 

EEx nA nL IIC T4 (Ta =-50 •c to+ 60 "C) 
Vmax=42V DC 
(( 0575 

8732- ATEX Certificate No: BASEEFA 07ATEX0203X 

Ex nA nL IIC T4 (Ta =-50 •c to + 60 "C) 
Vmax=42V DC 
(( 0575 

Remote Junction Box 

8742- Certificate No.: KEMA 03ATEX2052x@ II 2G 
ATEX EEx e (1) T6 (Ta = -20 •c to +65 "C) 
When installed per drawing 08732-1050 
Aller de-energizing, wait 10 minutes before opening cover 
(( 0575 

(1) liB+ H2 for E1, K1 
liB for ED, KD 

8732- Certificate No.: KEMA 07ATEX0073 X@ 112G 
ATEX Ex e (1) T6 (Ta = -20 "C to +57 "C) 
When installed per drawing 08732-1060 
Aller de-energizing, wait 10 minutes before opening cover 
(( 0575 

(1) IIC for E1 
liB for ED 

International Certifications 

NOTE 
For intrinsically safe (IS) outputs on the 8732E output 
option code B must be selected. 
IS outputs for Ex de [ia]IIB or IIC T6 

E7 IECEx Flameproof 

8732- Certificate No.: KEM 07.0038X 
Ex de IIC or Ex de [ia]IIC T6 (-20 •c s Ta s +57 "C) 
V max = 250 V AC or 42 V DC 

EF IECEx Flameproof 

8732- Certificate No.: KEM 07.0038X 
Ex de liB or Ex de ~a] liB T6 (-20 •c s Ta s +57 "C) 
Vmax = 250 V AC or 42 V DC 

NF IECEx Dust 
8732- Certificate No.: KEM 07.0038X 
Ex tD A20 IP66 T 100 "C 

T6 (-20 •c s Ta s +57 "C) 
V max = 250 V AC or 42 V DC 

Rosemount 8700 Series 

SPECIAL CONDITIONS FOR SAFE USE (KEM 07.0038X): 
If the Rosemount 8732 Flow Transmitter is used integrally with the 
Rosemount 8705 or 8711 Flowtube Sensors, it shall be assured 
that the mechanical contact areas of the Flowtube Sensor and 
Flow Transmitter comply with the requirements for flat joints 
according to standard EN/IEC 60079-1 clause 5.2. 

The relation between ambient temperature, process temperature, 
and temperature class is to be taken from the table under (15-
description) above. (See Table 17) 

The electrical data is to be taken from the summary under (15 -
electrical data) above. (See Table 16) 

If the Rosemount 8732 Flow Transmitter is used integrally with the 
Junction Box, it shall be assured that the mechanical contact 
areas of the Junction Box and Flow Transmitter comply with the 
requirements for flanged joints according to standard EN/IEC 
60079-1 clause 5.2. 

INSTALLATION INSTRUCTIONS: 
The cable and conduit entry devices and blanking elements shall 
be of a certified flameproof type, suitable for the conditions of use 
and correctly installed. With the use of conduit, a certified stopping 
box shall be provided immediately to the entrance of the 
enclosure . 

N7 IECEx Type n 

87120- Certificate No: IECEx BAS 07.0036X 

EEx nA nL IIC T4 (Ta =-50 •c to+ 60 "C) 
Vmax=42V DC 

8732- Certificate No: IECEx BAS 07.0062X 

Ex nA nL IIC T4 (Ta =-50 "C to + 60 "C) 
Vmax= 42 V DC 

Remote Junction Box 

8732- Certificate No.: KEM 07.0038X 
IECEx Ex e (1) T6 (Ta = -20 "C to+ 57 "C) 
When installed per drawing 08732-1070 
Aller de-energizing, wait 10 minutes before opening cover 

(1) IIC for E7 
liB forEF 

41 



Rosemount 8700 Series 

Flowtube Sensor Approval Information 
TABLE 15. Flowtube Sensor Option Codes11l 

Rosemount 8705 Flowtube 
Sensor 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

(1} CE Marldng is standard on Rosemount 8705, 8711, and 8721. No hazardous locabon certifications are available on the Rosemount 570TM. 

(2) Available m line sizes up to 8 in. (200 mm) only. 

(3) Refer to Table 17 on page 44 for relation between ambient temperature, process temperature, and temperature class. 

North American Certifications 

Factory Mutual (FM) 
NO Division 2 Approval for 

Non-Flammable Fluids (All Flowtube Sensors) 

Class I, Division 2, Groups A, B. c. D 
Temp Code- T5 (8705/8711 at so•c) 
Temp Code - T3C (8707 at so•c) 

Dust-Ignition proof Class IIIII I, Division 1, Groups E, F, G 
Temp Code- T6 (8705/8711 at so•c) 
Temp Code- T3C (8707 at so•c) 

Enclosure Type 4X 

NO for 8721 Hygienic Flowtube Sensor 
Factory Mutual (FM) Ordinary Location; 
CE Marking; 3-A Symbol Authorization #1222; 
EHEDG Type EL 

N5 Division 2 Approval for Flammable Fluids 
(All Flowtube Sensors) 

42 

Class I. Division 2, Groups A. B. c. D 
Temp Code- T5 (8705/8711 at so•C) 
Temp Code- T3C (8707 at so•c) 

Dust-Ignition proof Class I IIIII, Division 1, Groups E, F, G 
Temp Code- T6 (870518711 at 60"C) 
Temp Code- T3C (8707 at so•c) 

Enclosure Type 4X 

E5 Explosion-Proof (8705 and 8711 Only) 
Explosion-Proof for Class I, Division 1, Groups C, D 
Temp Code- T6 at so•c 

Dust-Ignition proof Class 111111, Division 1, Groups E, F, G 
Temp Code - T6 at so·c 

Class I, Division 2. Groups A, B. c. D 
Temp Code- T5 at so•c 

Enclosure Type 4X 

Canadian Standards Association (CSA) 
NO Suitable for Class I, Division 2, Groups A, B, C, D 

Temp Code- TS (8705/8711 at so•CJ 
Temp Code - T3C (8707 at so• c) 

Dust-Ignition proof Class I IIIII, Division 1, Groups E, F, G 

Enclosure Type 4X 

NO for 8721 Hygienic Flowtube Sensor 
Canadian Standards Association (CSA) Ordinary Location; 
CE Marking; 3-A Symbol Authorization #1222; 
EHEDG Type EL 

• 

• 
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Product Data Sheet 
00813-0100-4727, Rev RA 
December 2007 

European Certifications 
ND ATEX Dust 

8732- Certificate No.: KEMA 06ATEX0006 @II 1 D max 
T = 40 •K(1) Amb. Temp. Limits: (-20 •c = Ta = +65 •c) 
Vmax = 40 V DC (pulsed) 
IP66 
CE 0575 

N1 ATEX Non-8parking/Non-incendive (8705/8711 Only) 

Certificate No: KEMA02ATEX1302X@ II 3G 

EEx nA [L]IIC T3 ... T6 
Ambient Temperature Limits -20 to 65•c 

SPECIAL CONDITIONS FOR SAFE USE (X): 
The relation between ambient temperature, process temperature 
and temperature class is to be taken from the table under 
(15-description) above.- (See Table 13) The electrical data is to be 
taken from the summary under (15-electrical data above). (See 
Table 12) 

E1, ATEX Increased Safety (Zone 1) 

CD with IS Electrodes (8711 only) 

Certificate No: KEMA03ATEX2052X @ II 1/2G 
EEx e ia IIC T3 . T6 (Ta = -20 to +60•) (See Table 17) 
C€ 0575 
Vmax = 40 V DC (pulsed) 

SPECIAL CONDITIONS FOR SAFE USE (X): 
If the Rosemount 8732 Flow Transmitter is used integrally with the 
Rosemount 8705 or Rosemount 8711 Flowtube Sensors, it shall 
be assured that the mechanical contact areas of the Flowtube 
Sensor and Flow Transmitter comply with the requirements for flat 
joints according to standard EN 50018, clause 5.2. The relation 
between ambient temperature, process temperature and 
temperature class is to be taken from the table under 
(15-description) above.- (See Table 11) The electrical data is to be 
taken from the summary under (15-electrical data above). (See 
Table 12) 

INSTALLATION INSTRUCTIONS: 
At ambient temperature above 5o•c, the flowmeter shall be used 
with heat resistant cables with a temperature rating of at least 
go· c. 

A fuse with a rating of maximum 0,7 A according to IEC 60127-1 
shall be included in the coil excitation circuit if the flowtube sensors 
are used with other flow transmitters (e.g. Rosemount 8712). 

E1, ATEX Increased Safety (Zone 1) 

KD with IS Electrodes (8705 only) 

Certificate No. KEMA 03ATEX2052X @ II 112G 

EEx e ia IIC T3 ... T6 (Ta = -20 to 60.C) (See Table 17) 

C€ 0575 
Vmax = 40 V DC (pulsed) 

Rosemount 8700 Series 

SPECIAL CONDITIONS FOR SAFE USE (X): 
If the Rosemount 8732 Flow Transmitter is used integrally with the 
Rosemount 8705 or Rosemount 8711 Flowtube Sensors, it shall 
be assured that the mechanical contact areas of the Flowtube 
Sensor and Flow Transmitter comply with the requirements for flat 
joints according to standard EN 50018, clause 5.2 The relation 
between ambient temperature, process temperature and 
temperature class is to be taken from the table under 
(15-description) above.- (See Table 11) The electrical data is to be 
taken from the summary under (15-electrical data above). (See 
Table 12) 

INSTALLATION INSTRUCTIONS: 
At ambient temperature above 5o•c, the flowmeter shall be used 
with heat resistant cables with a temperature rating of at least 
go·c. 

A fuse with a rating of maximum 0,7 A according to IEC 60127-1 
shall be included in the coil excitation circuit if the flowtube sensors 
are used with other flow transmitters (e.g. Rosemount 8712). 
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Rosemount 8700 Series 

TABLE 16. Electrical Data 

Rosemount 8732 Flow Transmitter 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

TABLE 17. Relation between ambient temperature, process temperature, and temperature class!1l 

Meter Size (Inches) Maximum Ambient Temperature Max1mum Process Temperature Temperature Class 

/2 115 F (65 C) 239 F (115 C) T3 
1 149"F (65"C) 248"F (120"C) T3 
1 95"F (35"C) 95"F (35"C) T4 

1 /2 149"F (65"C) 257•F (125.C) T3 
1 /2 122"F (5o·c) 148·F (6o·c) T4 
2 149"F (65.C) 257•F (125.C) T3 
2 149"F (65.C) 167•F (75.C) T4 

2 104•F (40.C) 104•F (40.C) T5 
3-36 149•F (65.C) 266•F (130.C) T3 

3-36 149"F (65.C) 194 ·F (eo·c) T4 
3-36 131 ·F (55.C) 131"F (55"C) T5 
3-36 104•F (40.C) 104•F (40.C) T6 

6 115"F (65"C) 275.F(135.C) T3 
6 115"F (65.C) 230•F (110.C) T4 
6 115"F (65.C) 167"F (75.C) T5 
6 140"F (6o·c) 140°F (60"C) T6 

8-60 115•F (65.C) 284"F (140"C) T3 
8-60 115•F (65"C) 239"F (115.C) T4 

8-60 115•F (65.C) 176·F (8o·c) T5 
8-60 115•F (65.C) 156•F (69.C) T6 

(1} This tabla is applicable for CD and KD option codss only. 
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Product Data Sheet 
00813-0100-4727, Rev RA 
December 2007 Rosemount 8700 Series 

TABLE 18. Relation between the maximum ambient temperature, the maximum process temperature, 
and the temperature classl1l 

Maximum Ambient Maximum process temperature "F ("C) per temperature class 

Temperature T3 T4 TS 

0.5 in. flowtube sensor size 

149"F (65"C) 297"F (147.C) 138"F (59"C) 54"F (12"C) 
140"F (60"C) 309"F (154.C) 1s1·F cse·c> 66"F (19"C) 
131•F css·c) 322"F (161.C) 163"F (73"C) 79"F (26.C) 
122·F (so•c) 334•F (1ea·c> 176"F (80"C) 90"F (32"C) 
113"F (45"C) 347"F (175.C) 189" F (87"C) 1 02•F (39"C) 

104"F (40"C) 351"F (177"C) 199"F (93.C) 115"F (46"C) 
95"F (35"C) 351"F (177"C) 212"F (100"C) 121•F (53"C) 
86"F (30"C) 351"F (177"C) 225"F (107"C) 138"F (59"C) 
77"F (25.C) 351"F (177"C) 237"F (114.C) 151"F (66"C) 
68"F (20"C) 351"F (177"C) 248"F (120"C) 163"F (73"C) 

1.0 in. flowtube sensor size 

Continued on Next Page 

T6 

1a•F (-8"C) 
28"F (-2"C) 

41"F cs·c> 
54"F (12"C) 

66"F (19"C) 

79"F (26"C) 
90"F (32"C) 

1 02"F (39"C) 
115"F (46"C) 
127"F (53"C) 
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Rosemount 8700 Series 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

TABLE 18. Relation between the maximum ambient temperature, the maximum process temperature, 
and the temperature class(1) 

3 to 60 in. flowtube sensor s1ze 

149"F (65"C) 351"F (177"C) 210"F (99"C) 117"F (47"C) 75"F (24"C) 

140"F (60"C) 351"F (177"C) 223"F (106"C) 129"F (54"C) 90"F (32"C) 
131"F (55"C) 351"F (177"C) 237"F (114"C) 144"F (62"C) 102"F (39"C) 
122"F (50"C) 351"F (177"C) 250"F (121"C) 156"F (69"C) 117"F (47"C) 
113"F (45.C) 351•F (177.C) 264"F (129"C) 111•F (77"C) 129•F (54.C) 

104"F (40"C) 351"F (177"C) 2ss·F (130"CJ 183"F (84"C) 144"F (62"C) 
95"F (35"C) 351"F (177"C) 266"F (130"C) 198"F (92"C) 156"F (69"C) 
86"F (30"C) 351•F (177"C) 266"F (130"C) 203"F (95"C) 171"F (77"C) 
77"F (25"C) 351"F (177"C) 266"F (130"C) 203"F (95"C) 176"F (80"C) 
68"F (20"C) 351"F (177"C) 266"F (130"C) 203"F (95"C) 176"F (80"C) 

(1} This table is applicable for N1 opt10n codas only. 
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Rosemount 8700 Series 
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FIGURE 7. Rosemount 67120/H Transmitter 

~ 2.96 
(75) 

Ground lug 

NOTE 
Dimensions are In Inches (millimeters) 

48 

Connection 
(4 Places) 

WITH STANDARD COVER 

~ -

0.44 
(11) 
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11.15 
(283) 
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FIGURE 8. Rosemount 8742C Transmitter 

Note 

1 .5 
(267) 

7.49 (190) 

Connections 
(2 places) 

11.02 
1--------(280) ------1 

Dimensions In Inches (millimeters) 

8.81 
(224) 

3/4-14" NPT Electrical 
Conduit Connections 

(2 places) 

5.82 
(148) 
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50 

FIGURE 9. Rosemount 8705 and 8707 Flowtube Sensors, Typical of 0.5-through 4-in. (15through 100 mm) Line Sizes 
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,.., ,.., 
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Notes 
L=-_j 

Dimensions are in inches (millimeters) 
See Table 19 and Table 20 for variable dimensions 
W1 Housing Configuration (Sealed, welded housing with pressure relief valve) 

FIGURE 10. Rosemount 8705 and 8707 Flowtube Sensors, Typical of 6- through 36-in. (150 through 900 mm) Line Sizes 
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Notes 
Dimensions are in inches (millimeters) 
See Table 19 and Table 20 for variable dimensions 
W3 Housing Configuration (Sealed welded housing with 
separate electrode compartments) 
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Product Data Sheet 
00813-0100-4727, Rev RA 
December 2007 Rosemount 8700 Series 

TABLE 19. Rosemount 8705 and 8707 Dimensions in Inches (Millimeters) (Dimensions with ASME 816.5 (ANSI) Flanges) <1> 
Refer to Dimensional Drawings, Figure 9, Figure 10, and Figure 12 

Lmer Face Overall Flowtube 
Line Size<21 and Body Height Diameter Sensor Length Flange D1ameter 
Flange Rating "Hu HA" "L"(3) "0" Liner Thickness Inside Diameter 

0.5-150 6.75 (171) 1.38 (35) 7.88 (200) 
0.5-300 6.75 (171) 1.38 (35) 7.88 (200) 
0.5-600 6.75 (171) 1.38 (35) 8.67 (220) 
1-150 6.75 (171) 2.00 (51) 7.88 (200) 
1-300 6.75 (171) 2.00 (51) 7.88 (200) 
1-600 6.75 (171) 1.62 (41) 8.67 (220) 
1-900 6.75 (171) 1.62 (41) 9.66 (245) 

1.5-150 7.10 (180) 2.88 (73) 7.88 (200) 
1.5-300 7.10 (180) 2.88 (73) 7.88 (200) 
1.5-600 7.10 (180) 2.88 (73) 8.63 (219) 
1.5-900 7.10 (180) 2.50 (64) 9.52 (242) 
2-150 7.10 (180) 3.62 (92) 7.88 (200) 
2-300 7.10 (180) 3.62 (92) 7.88 (200) 
2-600 7.10 (180) 3.62 (92) 8.78 (223) 
2-900 7.10 (180) 3.25 (83) 10.26 (261) 
3-150 8.10 (206) 5.00 (127) 7.88 (200) 
3-300 8.10 (206) 5.00 (127) 8.63 (219) 
3-600 8.10 (206) 5.00 (127) 12.4 (315) 
3-900 8.10 (206) 4.63 (118) 12.8 (326) 
4-150 8.45 (215) 6.19 (157) 9.84 (250) 
4-300 8.45 (215) 6.19 (157) 10.88 (276) 
4-600 8.45 (215) 6.19(157) 12.83 (326) 
4-900 8.45 (215) 5.81 (148) 13.89 (353) 
6-150 9.45 (240) 8.50 (216) 11.81 (300) 
6-300 9.45 (240) 8.50 (216) 13.06 (332) 
6-600 9.45(240) 8.50 (216) 14.23 (361) 
6-900 9.45 (240) 8.00 (203) 15.51 (394) 
8-150 10.42 (265) 10.62 (270) 13.78 (350) 
8-300 10.42 (265) 10.62 (270) 15.60 (396) 
8-600 10.42 (265) 10.62 (270) 16.72 (428) 
8-900 10.42 (265) 10.00 (254) 18.47 (469) 
10-150 rmr29

·) 

12.75 (324) 15.00 (381) 
10-300 (299) 12.75 (324) 17.13 (435) 
10-600 (299) 12.75 (324) 19.54 (496) 
12-150 12.86 (327) 15.00 (381) 18.00 (457) 
12-300 12.86 (327) 15.00 (381) 20.14 (512) 
14-150 13.92 (354) 16.25 (413) 20.91 (531) 
14-300 13.92 (354) 16.25 (413) 23.16 (588) 
16-150 14.93 (379) 18.50 (470) 23.88 (607) 
16-300 14.93 (379) 18.50 (470) 26.13 (664) 
18-150 16.19 (411) 21.00 (533) 27.00 (686) 
18-300 16.19 (411) 21.00 (533) 30.12 (765) 

17.20 (437) 29.78 (756) 
20-300 17.20 (437) 23.00 (584) 33.04 (839) 
24-150 n48(495) 27.25 (692) 35.75 (908) 
24-300 48 (495) 27.25 (692) 39.38 (1000) 

30 22.23 (565) 33.80 (859) 37.00 (940) 
36 26.10 (663) 40.27 (1023) 40.63 (1032) 

(1) AS2129 TableD and E flange dimensions match ANSI150# dimensions. 

(2) 30· and 36-m. A WWA C207 Table 2 Class D rated to 150 psi at 150 'F. 

3.50 (89) 0.09 (2.3) 0.49 (12.5) 
3.75 (95) 0.09 (2.3) 0.49 (12.5) 
3.75 (95) 0.09 (2.3) 0.49 (12.5) 

4.25 (108) 0.09 (2.3) 0.91 (23) 
4.88 (124) 0.09 (2.3) 0.91 (23) 
4.88 (124) 0.09 (2.3) 0.91 (23) 
5.88 (149) 0.13 (3.3) 0.80 (20) 
5.00 (127) 0.12(3.1) 1.44 (37) 
6.12 (155) 0.12(3.1) 1.44 (37) 
6.12 (155) 0.13 (3.3) 1.36 (35) 
7.00 (178) 0.13 (3.3) 1.25 (32) 
6.00 (152) 0.12(3.1) 1.91 (49) 
6.50 (165) 0.12 (3.1) 1.91 (49) 
6.50 (165) 0.13 (3.3) 1.82 (46) 
8.50 (216) 0.13 (3.3) 1.69 (43) 
7.50 (191) 0.15 (3.8) 2.96 (75) 
8.25 (210) 0.15 (3.8) 2.96 (75) 
8.25 (210) 0.13 (3.3) 2.76 (70) 
9.50 (241) 0.13 (3.3) 2.37 (60) 
9.00 (229) 0.15 (3.8) 3.96 (101) 
10 00 (254) 0.15 (3.8) 3.96 (101) 
10.75 (273) 0.13 (3.3) 3.72 (95) 
11.50 (292) 0.13 (3.3) 3.37 (86) 
11.00 (279) 0.19 (4.8) 5.98 (152) 
12.50 (318) 0.19(4.8) 5.69 (144) 
14.00 (356) 0.19 (4.8) 5.69 (144) 
15.00 (381) 0.16 (4.1) 4.86 (123) 
1 0.19 (4.8) 7.94 (202) 
15.00 (381) 0.17 (4.3) 7.64 (194) 
16.50 (419) 0.17 (4.3) 7.64 (194) 
18.50 (470) 0.17 (4.3) 6.65 (169) 
16.00 (406) 0.26 (6.5) 9.87 (251) 
17.50 (444) 0.26 (6.5) 9.48 (241) 
20.00 (508) 0.26 (6.5) 9.21 (234) 
19.00 (483) 0.26 (6.7) 11.87 (301) 
20.50 (52) 0.26 (6.7) 11.48 (292) 

21.00 (533) 0.19 (4.8) 13.16 (334) 
23.00 (584) 0.19 (4.8) 12.79 
23 50 (597) 0.19 (4.8) 1 

~ 
0.19 (4.8) 14.75 (375) 
0.19 (4.8) 17.09 (434) 
0.19 (4.8) 16.35 (415) 
0.19 (4.8) 

30.50 (774) 0.19 (4.8) 18.21 (463) 
32.00 (813) 0.19 (4.8) 22.94 (583) 
36.00 (914) 0.19 (4.8) 22.06 (560) 
38.75 (984) 0.19 (4.8) 28.75 (730) 

46.00 (1168) 0.19 (4.8) 35.00 (889) 

(3) When 2 groundmg rings era specified, edd0.25 in. (6.35 mm) for0. 50- through 14-in. (15through 350 mm) flowtube sensors, add 0.50in. (12.7 mm) for 
16-in. (400 mm) end larger. When lining protectors ara specified, add 0.25 in. (6.35 mm) for U- lt!rough 12-in. (15 through 300 mm) flowtube sensors, add 
0.50 in. (12.7 mm) for 14- through 36-in. (350 lt!rough 900 mm) flowtube sensors. 
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TABLE 20. Rosemount 8705 Flowtube Sensor Dimensions with EN 1092-1 (DIN) Flanges in Millimeters (Inches) 

Line Size(1 I Liner Face Overall Flowtube 
and Flange Body Height Diameter Sensor Length Flange Diameter 

Rating IIH" "A" "L"(2) "D" Liner Thickness Inside Diameter 

15 mm PN 10-40 171 (6.75) 45 (1.77) 200 (7.88) 95 (3.74) 2.3 (0.09) 12.5 (.49) 

25 mm PN 1 0-40 171 (6.75) 68 (2.68) 200 (7.88) 115 (4.53) 2.3 (0.09) 23.1 (.91) 

40 mm PN 10-40 180 (7.10) 88 (3.46) 200 (7.87) 150 (5.91) 3.1 (0.12) 37 (1.44) 

50 mm PN 10-40 180 (7.10) 102 (4.02) 200 (7.87) 165 (6.50) 3.1 (0.12) 49 (1.91) 

80 mm PN 1 0-40 206 (8.10) 138 (5.43) 200 (7.87) 200 (7.87) 3.8 (0.15) 75.2 (2.96) 

100 mm PN 10-16 215 (8.45) 162 (6.38) 250 (9.84) 220 (8.66) 3 8 (0.15) 100.6 (3.96) 

1 00 mm PN 25-40 215 (8.45) 162 (6.38) 250 (9.84) 235 (9.25) 3.8 (0.15) 100.6 (3.96) 

150 mm PN 10 240 (9.45) 212 (8.35) 300 (11.81) 285 (11.22) 4.7 (0.19) 152 (5.98) 

150 mm PN 16 240 (9.45) 215 (8.46) 300 (11.81) 220 (8.66) 4.7 (0.19) 152 (5.98) 

150 mm PN 25 240 (9.45) 218 (8.58) 300 (11.81) 300 (11.81) 4.7 (0.19) 152 (5.98) 

150 mm PN40 240 (9.45) 218 (8.58) 332 (13.07) 300 (11.81) 4.7 (0.19) 144 (5.67) 

200 mm PN 10 265 (10.42) 268 (10.55) 350 (13.78) 240 (13.39) 4.9 (0.19) 202 (7.94) 

200 mm PN 16 265 (10.42) 268 (10.55) 350 (13.78) 340 (13.39) 4.9 (0.19) 202 (7.94) 

200 mm PN 25 265 (10.42) 278 (10.94) 350 (13.78) 360 (14.17) 4.9 (0.19) 202 (7.94) 

200 mm PN 40 265 (10.42) 285 (11.22) 396 (15.60) 375 (14.76) 4.3 (0.17) 194 (7.64) 

250 mm PN 10 299 (11.78) 320 (12.60) 381 (15.00) 395 (15.55) 6.6 (0.26) 251 (9.88) 

250 mm PN 16 299 (11.78) 320 (12.60) 381 (15.00) 405 (15.94) 6.6 (0.26) 251 (9.88) 

250 mm PN 25 299 (11.78) 335 (13.19) 381 (15.00) 425 (16.73) 6.6 (0.26) 251 (9.88) 

250 mm PN 40 299 (11.78) 345 (13.58) 435 (17.13) 450 (17.72) 6.6 (0.26) 240 (9.45) 

300 mm PN 10 327 (12.86) 370 (14.57) 457 (18.00) 445 (17.52) 6.6 (0.26) 302 (11.87) 

300 mm PN 16 327 (12.86) 378 (14.88) 457 (18.00) 460 (18.11) 6.6 (0.26) 302 (11.87) 

300 mm PN 25 327 (12.86) 395 (15.55) 457 (18.00) 485 (19.09) 6.6 (0.26) 302 (11.87) 

300 mm PN40 327 (12.86) 410 (16.14) 512 (20.14) 515 (20.28) 6.6 (0.26) 292 (11.48) 

350 mm PN 10 354 (13.92) 430 (16.93) 531 (20.91) 505 (19.88) 4.8 (0.19) 334 (13.16) 

350 mm PN 16 354 (13.92) 438 (17.24) 531 (20.91) 520 (20.47) 4.8 (0.19) 334 (13.16) 

350 mm PN 25 354 (13.92) 450 (17.72) 531 (20.91) 555 (21.85) 4.8 (0.19) 334 (13.16) 

350 mm PN 40 354 (13.92) 465 (18.31) 588 (23.16) 580 (22.83) 4.8 (0.19) 12.79 (325) 

400 mm PN 10 379 (14.93) 482 (18.98) 607 (23.88) 565 (22.24) 4.8 (0.19) 384 (15.12) 

400 mm PN 16 379 (14.93) 490 (19.29) 607 (23.88) 580 (22.83) 4.8 (0.19) 384 (15.12) 

400 mm PN 25 379 (14.93) 505 (19.88) 607 (23.88) 620 (24.41) 4.8 (0.19) 384 (15.12) 

400 mm PN 40 379 (14.93) 535 (21.06) 664 (26.13) 660 (25.98) 4.8 (0.19) 375 (14.75) 

450mm PN 10 411 (16.19) 532 (20.94) 682 (26.85) 615 (24.20) 4.8 (0.19) 438 (17.24) 

450 mm PN 16 411 (16.19) 550 (21.65) 682 (26.85) 640 (25.20) 4.8 (0.19) 438 (17.24) 

450 mm PN 25 411 (16.19) 555 (21.85) 682 (26.85) 670 (26.38) 4.8 (0.19) 438 (17.24) 

450 mm PN 40 411 (16.19) 560 (22.05) 761 (29.97) 685 (26.97) 4.8 (0.19) 419 (16.49) 

500 mm PN 10 437 (17.20) 585 (23.03) 756 (29.78) 670 (26.38) 4.8 (0.19) 482 (18.96) 

500 mm PN 16 437 (17.20) 610 (24.02) 756 (29.78) 715 (28.15) 4.8 (0.19) 482 (18.96) 

500 mm PN 25 437 (17.20) 615 (24.21) 756 (29.78) 730 (28.74) 4.8 (0.19) 482 (18.96) 

500 mm PN 40 437 (17.20) 615 (24.21) 839 (33.04) 755 (29.72) 4.8 (0.19) 463 (18.21) 

600 mm PN 10 495 (19.48) 685 (26.97) 908 (35.75) 780 (30.71) 4.8 (0.19) 583 (22.94) 

600 mm PN 16 495 (19.48) 725 (28.54) 908 (35.75) 840 (33.07)) 4.8 (0.19) 583 (22.94) 

600 mm PN 25 495 (19.48) 720 (28.35) 908 (35.75) 845 (33.27) 4.8 (0.19) 581 (22.87) 

Dimensions with EN 1092-1 (DIN) Flanges 

(1) Consult factory for larger /ina sizes. 

(2) When 2 grounding rings era specified, add 6.35 mm (0.25 in.) for 15 mm through 350 mm (Yr through 14 in.) ffowtuba sensors or 12. 7 mm (0. 50 in.) for 
400 mm (16 in.) and larger. When lining protectors era specified, add 6.35 mm (0.25 in.) for 15 mm through 300 mm (Yr through 12-in.) ffowtube sensors, 
12.7 mm (0.50 in.) for350 mm through 900mm (14- through 36-in.) ffowtube sensors. 
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FIGURE 11. Rosemount 8711 Dimensional Drawings (0.15-in. through 1-in. line sizes) 
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FIGURE 12. Rosemount 8711 Dimensional Draw1ngs (1.5-m. through 8-1n. li1:1e s1zes) 
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TABLE 21. Rosemount 8711 Flowtube Sensor Dimensions and Weight 

(1) 0.15 and 0.30 in. (4 and 8 mm) flowtuba sansors mountbatwaan Y.-in. (13 mm) flangas. 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

FIGURE 13. Dimensional Drawings of Rosemount 8721 Flowtube Sensors Typical of 1 through 4inch (25 through 100mm) line 
sizes. 

2.6 
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TABLE 22. Rosemount 8721 Dimensions in Inches (Millimeters). Refer to Dimensional Drawing Figure 13. 

Flowtube Sensor Flowtube Sensor 
Line Size Dimensions A Body Diameter B Height C Body Length D IDF Length E 

12 (15) 062(158) 2 87 (73 0) 5 51 (140 0) 2 13 (54 0) 3 66 (93 0) 

1 (25) 0.87 (22.2) 2.87 (73.0) 5.51 (140.0) 2.13 (54.0) 3.66 (93.0) 

1 /2 (40) 1.37 (34.9) 3.50 (88.9) 6.14 (155.9) 2.40 (61.0) 3.96 (100.5) 

2 (50) 1.87 (47.6) 4.00 (101.5) 6.63 (168.5) 2.83 (72.0) 4.41 (112.0) 

2 /2 (65) 2.38 (60.3) 4.53 (115.0) 7.17 (182.0) 3.58 (91.0) 5.23 (133.0) 

3 (80) 2.87 (73.0) 5.57 (141.5) 8.21 (208.5) 4.41 (112.0) 5.98 (152.0) 

4 (100) 3.84 (97.6) 6.98 (177.0) 9.61 (244.0) 5.20 (132.0) 6.77 (172.0) 
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FIGURE 14. Dimensional Drawings of Rosemount 8721 Flowtube Sensors Typical of 1 through 4inch (25 through 100mm) line 
sizes 

1\ I 1,---, 
·~,...,.,.,-J, ..... --------·-------------·----- ..... 

I)--{ 

,~====--~-· ~ ·---------------------~~ ,-=-: 

---

K 

j 1 ~ 1'------' 

Tri-Ciamp 
!------1 I )-----1 

- -·--- -----·---------------- ----- !-'-

~---------------- G --------------~ 

Weld Nipple Option 

NOTE 
'+------ F ---------------+' Dimensions are in inches (millimeters) 

TABLE 23. Rosemount 8721 Process Connection Lay Length in Inches (Millimeters). Refer to Figure 14. 

DIN11851 DIN 11851 DIN 11851 
Weld Nipple Weld Nipple Weld Nipple Tri Clamp HP Option (Met and Imp) (Met and Imp) (Metric) 

Line Size Length F Tube ID J Tube OD K Length G Length G Length G IDJ ID J 

2 I (15) 5 61 (142) 0 62 (15 75) 0 75 (19 05) 8 31 (211) NA 833(211) 0 62 (15 75) 0 79 (19 99) 
1 (25) 5.61 (142) 0.87 (22.2) 1.00 (25.65) 7.85 (199) 9.85 (250) 7.89 (200) 0.85 (21.52) 1.02 (26.01) 
1 /2 (40) 5.92 (150) 1.37 (34.9) 1.68 (42.7) 8.17 (207) 9.91 (252) 8.53 (217) 1.37 (34.85) 1.50 (38.00) 
2 (50) 6.35 (161) 1.87 (47.6) 2.01 (51.05) 8.60 (218) 9.91 (252) 9.10 (231) 1.87 (47.60) 1.97 (50.01) 
2 /2 (65) 7.18 (182) 2.37 (60.3) 2.51 (63.75) 9.43 (239) 9.91 (252) 10.33 (262) 2.37 (60.30) 2.60 (65.99) 
3 (80) 7.93 (201) 2.87 (73.0) 3.01 (76.45) 10.18 (258) 9.91 (252) 11.48 (291) 2.87 (72.97) 3.19 (81.03) 
4 (100) 9.46 (240) 3.84 (97.6) 4.01 (1 01.85) 11.70 (297) NA 13.72 (349) 3.84 (97.61) 3.94 (100.00) 

DIN 11864-1 DIN 11864-2 SMS 1145 Cherry-Burrell 
Line Size Length G Length G Length G 1-Line Length G 

/2 (15) NA NA NA NA 

1 (25) 8.98 (228.0) 8.86 (225.0) 6.87 (174) 7.17 (182) 
11/2 (40) 9.72 (247.0) 9.57 (243.0) 7.50 (190) 7.80 (198) 
2 (50) 10.16 (258.0) 10.00 (254.0) 7.93 (201) 8.42 (214) 

2 /2 (65) 11.89 (302.0) 11.54 (293.0) 9.07 (230) 9.49 (241) 

3 (80) 12.95 (329.0) 12.44 (316.0) 9.82 (249) 10.37 (263) 
4 (100) 14.57 (370.0) 14.21 (361.0) 11.67 (296) 12.15 (309) 
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FIGURE 15. 

G 

DIN 11851 (Imperial) CodeD 

FIGURE 16. 

l- G 

DIN 11851 (Metric) Code E 
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FIGURE 17. 

FIGURE 18 . 
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11864-1 

G 

11864-2 

Rosemount 8700 Series 
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FIGURE 19. 

''-----~ 

G 

SMS1145 Code H 

FIGURE 20. 

G 

Cherry Burrell 1-Line Code J 
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FIGURE 21. Rosemount 87140 Calibration Standard 

~ 
(182.6)~-.ill!..--..... 

Note: 
The Rosemount 87140 is shipped with 
both the 87120 and 8732E Connector 
Types 

NOTE 
The Rosemount 8732E Connector Type is 
compatible with the Rosemount 8742 . 

Rosemount 8732E 
Connector Type 

Rosemount 87120 Connector Type 

59 



Rosemount 8700 Series 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Magnetic Flowmeter Sizing 

Flowmeter Sizing 

Because of its effect on flow velocity, flowtube sensor 
size is an important consideration. It may be 
necessary to select a magnetic flowmeter that is 
larger or smaller than the adjacent piping to ensure 
the fluid velocity is in the specified measuring range 
of the flowtube sensor. Suggested guidelines and 
examples for sizing normal velocities in different 
applications are listed in Table 24, Table 25, and 
Table 26. Operation outside these guidelines may 
also give acceptable performance. 

TABLE 24. Sizing Guidelines 

To convert flow rate to velocity, use the appropriate 
factor listed in Table 25 and the following equation: 

" 1 'ty _ Flow Rate 
ve OCI - Factor 

Example: Sl Units 

Magmeter Size: 100 mm (factor from Table 25 = 492.0) 
Normal Flow Rate: 800 Umin 

V I 'ty _ 800 IUminl 
EIOCI - 492.0 

Velocity= 1.7 m/s 

Example: English Units 

Magmeter Size: 4 ln. (factor from Table 25 = 39.679) 
Normal Flow Rate: 300 GPM 

60 

Velocity = 300 Cgpm> 
39.679 

Velocity= 7.56 ft/s 

TABLE 25. Line Size vs. Conversion Factor 
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TABLE 26. Line Size vs. Velocity/Rate 

Upstream/Downstream Piping Length 

To ensure specification accuracy over widely varying 
process conditions, install the flowtube sensor with a 
minimum of five straight pipe diameters upstream 
and two straight pipe diameters downstream from the 
electrode plane. See Figure 22. This procedure 
should adequately allow for disturbances created by 
elbows, valves. and reducers. 

FIGURE 22. Upstream and Downstream Straight Pipe 
Diameters 

5 Pipe Diameters 2 Pipe Diameters 

Flow__..., h--~ -~ 
Installations with reduced straight runs from 0 to five 
pipe diameters are possible. In reduced straight pipe 
run installations, performance will shift to as much as 
0.5% of rate. Reported flow rates will still be highly 
repeatable . 

Rosemount 8700 Series 

Flowtube Sensor Grounding 

A reliable ground path is required between the 
flowtube sensor and the process fluid. Optional 
grounding rings, grounding electrodes, and lining 
protectors are available with 8700 Series flowtube 
sensors to ensure proper grounding. See Table 31 
and Table 32. 
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Product Selection Guide 

Several flowtube sensor types, liner types, electrode materials, electrode types, grounding options, and 
transmitters are available for the Rosemount 8700 Series Magnetic Flowmeter System to ensure compatibility with 
virtually any application and installation. See Table 29 for information on liner types, Table 30 for information on 
electrodes materials and electrode types, Table 31 and Table 32 for grounding options and installation, and 
Table 27 for transmitter selection. Other material options not mentioned here are available. Contact your local sales 
representative for alternative material selection. For further guidance on selecting materials, refer to the Magnetic 
Flowmeter Material Selection Guide located on Rosemount.com (Technical Data Sheet Number 
00816-01 00-3033). For more information regarding product offering and ordering information, refer to "Ordering 
Information" on page 65 in this product data sheet. 

TABLE 27. Transmitter Selection 
Transmitter General Characteristics 

8732E • Ideal for integral mount transmitter installation1s1 

• Advanced Diagnostics (DA1 and DA2 Suites) 
available 

• Optical Switch LOI 

• Optional DilDO available 

• Remote mount transmitter 

• Easy to use LOI with dedicated configuration 
buttons 

• Advanced Diagnostics (DA1 Suite) available 

• Remote mount transmitter 

I . ·1--·-H-i-gh_~ __ ig-na_I_P_u-ls-ed __ D_C_ro_r_u_s_e_w_ith--~-e----~ High-Signal 8707 Flowtube Sensor 

• Ideal for noisy applications - mininglpulp 
stocklother slurries 

• 115 V AC power only 

Not CE Mai'Ked 

• Integral or remote mount 

• Advanced Diagnostics (D01 Suite) available 
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TABLE 28. Flowtube Sensor Selection 
Flowtube 
Sensor General Characteristics 

8705 • Standand Process Flowtube Sensor 

,,-~---~c.___--
. ~sealed coil housing 

(15mm) to 36-in. (900mm) 

• Pulse DC Technology 

8707 

• Standard, grounding, and bulletnose 
electrodes available 

• 

• Flanged Process System Flowtube Sensor 

· • Welded, sealed coil housing 

' . 1--.-3---in-. -(8_0_m_m_)-to_3_6-_i_n __ (-90_0_m_m_) ______ ____, 

• High cunnent pulsed DC technology ideal for 
high noise applications 

• Standard, grounding, and bulletnose 
electrodes available 

• Economical, compact, and lightweight 
alternative to flanged flowtube sensors 

• 0.15-in. (4mm) to 8-in. (200mm) 

• Standard, grounding, and bulletnose 
electrodes available 

• Hygienic flowtube sensor 

• Designed for food, beverage, and 
pharmaceutical applications 

• Pulsed DC technology 

• Variety of industry standard process 
connections 

• Suitable for 

• 

• 

• 
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TABLE 29. Lining Material Selection 
Liner Material General Characteristics 

• Excellent abrasion resistance for slurries 
with small and medium particles 

• Very good abrasion resistance for small 
and medium particles 

• Better chemical resistance than 
polyurethane 

• o to 1ss·F (-18 to ss·c) 
• Typically applied in water with chemicals, 

and sea water 

• Very good abrasion resistance for large 
particles 

• Limited chemical resistance especially in 
acids 

• Softer material than polyurethane and 

Rosemount 8700 Series 
TABLE 30. Electrode Selection 
Electrode Matenal General Characteristics 

316L Stainless Steel • Good corrosion resistance 

• Good abrasion resistance 

• Not recommended for sulfuric or 
hydrochloric acids 

Nickel Alloy 276 • Better corrosion resistance 
(UNS N10276) 

• High strength 

• Good in slurry applications 

• Effective in oxidizing fluids 

Tantalum • Excellent corrosion resistance 

• Not recommended for hydrofluoric 
acid, fluorosilic acid, or sodium 
hydroxide 

80% Platinum • Best chemical resistance 

• Expensive material 

• not recommended for aquaregia 

Titanium • Better chemical resistance 

• Better abrasion resistance 

• Good for sea water applications 

• Not recommended for hydrofluoric or 
sulfuric acid 

Electrode Type General Characteristics 

Standard • Lowest cost 
Measurement 

• Good for most applications 

Standard • Low cost grounding option especially 
Measurement + for large line sizes 
Grounding (Also see 

• Minimum conductivity of 1 00 Table 31 and 
Table 32 for microsiemens/cm 

grounding options • Not recommended for electrolysis or 
and installation galvanic corrosion applications 

Bulletnose • Slightly more expensive 

• Best option for coating processes 
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TABLE 31. Grounding Options 
Grounding Options General Characteristics 

No Grounding Options • Acceptable for conductive unlined 
(grounding straps) pipe 

• Grounding straps provided at no cost 

Grounding Electrodes • Same material as measurement 
electrodes 

• Sufficient grounding option when 
process fluid conductivity is greater 
than 100 mlcrosiemens/cm 

• Not recommended in electrolysis 
applications, galvanic corrosion 
applications, or applications where 
the electrodes may coat. 

Grounding Rings • Low conductivity process fluids 

• Cathodic or electrolysis applications 
that may have stray currents in or 
around the process 

• Variety of materials for process fluid 
compatibility 

Lining Protectors • Protect upstream edge of flowtube 
sensor from abrasive fluids 

• Permanently installed on flowtube 
sensor 

• Protect liner material from over 
torquing of flange bolts 

• Provide ground path and eliminate 
need for grounding rings or 
grounding electrode 
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Ordering Information 

ROSEMOUNT 8732E ORDERING INFORMATION 

Code Safety Approvals(JI 

NA CE Marking, no hazardous location approval 

FM&CSA 
NO FM Class 1 Div 2 for non-flammable: CSA Class 1 Div 2 

N5 FM Class 1 Div 2 for flammable fluids 

E5 FM Class 1 Div 1, explosion-proof 

ATEX 
E1 ATEX flameproof Ex de IIC, and ATEX Dust Approval 

ED flameproof Ex de liB T6, and ATEX Dust Approval 

N1 ATEX Type n Ex nA nl IIC and ATEX Dust Approval'" I 

NO ATEX Dust Approval 

IECEx 
E7 IECEx flameproof Ex de IIC, and IECEx Dust Approval 

EF IECEx flameproof Ex de liB T6, and IECEx Dust Approval 

N7 IECEx Type n Ex nA nl IIC and IECEx Dust Approvall4 1 

NF IECEx Dust Approval 

Continued On Next Page 
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PlantWeb Product/Process Diagnostics 

Product Data Sheet 
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DA1 Magmeter HART Diagnostic Suite 1: Includes High Process Noise and Ground/Wiring Fault Detection 

DA2 Magmeter HART Diagnostic Suite 2: Includes 8714i Calibration Verification 

Discrete Input/Discrete Output 
AX DilDO, see page 11 for more details'"' \DI 

Other Options 
C1 Custom Configuration (CDS Required) 
D1 High Accuracy Calibration (0.15% of rate for matched tube and transmitter)~' I 

DT Heavy Duty Tagging 

M4 Local Operator Interface 

86 316L Stainless Steel4-bolt Kit for 2-in. Remote Pipe Mount 

GE M12, 4-Pin, Male Connector (Eurofast) 

GM A Size Mini, 4-Pin, Male Connector (Minifast) 

GT A Size, Spade Terminal Mini, S-pin, Male Connector (Minifast) 

C4 Analog Output Levels Compliant with NAMUR Recommendations NE43, 18-January-1994, and High Alarm Level 

CN Analog Output Levels Compliant with NAMUR Recommendations NE43, 18-January-1994, and Low Alarm Level 

QIG Language 

VA Danish 

VD Dutch 

VF French 
VG German 

VH Finnish 

VI Italian 

VN Norwegian 
VP Portuguese 

VS Spanish 

VR Russian 

YW Swedish 

Typical Model Number: B732E 5 T 1 A 1 NO DA1 DA2 M4 

(1) I.S. Output must be externally powered 

(2) Adapter are used for this condutt entry type 

(3) All product, ordered with or without Safety approvals, is compliant with local CE Marlcing and C-tick requirements unless specifically noted as a special 

(4) For DC Transmitter Power Supply (Code= 2) Only 

(5) Not available with intrinsically safe outputs (output option B) 

(6) Not available with conduit entry codes 1, 2 or 3 

(7) D1 Option Code must be ordered with nowtube sensor and transmitter 
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ROSEMOUNT 8712D ORDERING INFORMATION 

Typical Model Number: 87120 R 12 N 0 M 4 

(1} For DC TransmitterPowerSupply(Code = 03} Only 

(2} NAMUR compliant operation and the Alarm latch optJOns are preset at the factory and can not be changed to standard operation in the field 

(3} 01 Option Code must be ordered with flowtube sensor and transmitter 
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ROSEMOUNT 8712H ORDERING INFORMATION 

Code Quick Installation Guide (QIG) Language Options (Default is English) 

YA Danish QIG 

YD Dutch CIG 

YF French QIG 

YG German QIG 

YH Finnish QIG 

Yl Italian QIG 

YN Norwegian QIG 
yp Portuguese QIG 

YS Spanish QIG 

YW Swedish QIG 

Typical Model Number: 8712H R 12 NO M4 

(1) 01 OptiDn Cocte must be selected for both llowtube sensor and transmitter. 
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Code Product Certifications 

NO Factory Mutual (FM) Class I, Division 2, Class II/III Division 1, approval for nonflammable fluids; 
Canadian Standards Association (CSA) Class I, Division 2 Approval 
CE Marking; 

NA No Hazardous Area Approval; CE Marking 

N5 Factory Mutual (FM) Class I, Division 2, Class I IIIII Division 1, approval for flammable fluids 

E1 ATEX EEx d liB + H2 TS, Flameproof Approval for Hydrogen gas 
E5{11 Factory Mutual (FM) Class I, Division 1, Class I IIIII Division 1. explosion proof approval 

ED ATEX EEx d liB TS, Flame-proof approval 

KO Factory Mutual (FM) Class I, Division 2, Class II/III Division 1, approval and 
Canadian Standards Association (CSA) Class 1, Division 2, 
Class I IIIII Division 1 with intrinsically safe fieldbus output 

K1 ATEX EEx de [ia]IIB + H2 TS 
flameproof approval for hydrogen gas with intrinsically safe field bus output and FISCO compliant 

K5lll Factory Mutual (FM) Class I, Division 1, Explosion Proof with intrinsically safe field bus and FISCO output 

KD ATEX EEx d [ia]IIB TS, Flame-proof approval with intrinsically safe fieldbus output and FISCO compliant 

Code Options 

PlantWeb Software Functions 

D01 Product and process diagnostics: grounding/wiring diagnostic, electrode fault diagnostic, 
and high process noise detection(2) 

D11 Product diagnostic: grounding/wiring diagnostic and electrode fault diagnostic!"! 

D21 Process diagnostic: high process noise detection!"! 

Transmitter Options 

B4 Remote Mount for 2" Pipe Mount Bracket (transmitter junction box, 316L SST mounting bracket, and galvanized bolts 
included) 

B6 Remote Mount for 2" Pipe Mount Bracket (transmitter junction box, 316L SST mounting bracket and bolts included) 

C1 Custom Configuration (completed configuration data sheet (CDS) required with order) 

D1 High Accuracy Calibration (0.2% of rate for matched tube and transmitter)!"! 

DT Heavy Duty Tagging 

J1 CM 20 Conduit Adapter 

J2 PG 13.5 Conduit Adapter 

M5 Local Display 

Conduit Electrical Connector 
GEl" I M12, 4-pin, Male Connector (Eurofast"') 
GMl4! A size Mini, 4-pin, Male Connector (Minifasfl') 
GNl"! GM with EEx d 

Continued on Next Page 
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Rosemount 8700 Series 

Code Quick Installation Guide (QIG) Language Options (Default is English) 

YA Danish QIG 

YD Dutch QIG 
YF French QIG 

YG GermanQIG 
YH Finnish QIG 
Yl Italian QIG 
YN ianQIG 
yp Portuguese QIG 
YR Russian QIG 
YS Spanish QIG 
YW SwedishQIG 

Typical Model Number: 8742CFACNO 001 

(1) Only available with Rosemount 8711/ntegral Mount flowtube sensor 

(2) Only ana diagnostic sa/action can ba specified for tha 87 42C transmitter. 

(3) 01 Option Coda must ba ordered with flowtuba sensor and transmitter 

(4) Not available with certain hazardous location certffications. Contact a Rosemount reprasantetiva for details 
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ROSEMOUNT 8705 ORDERING INFORMATION . 
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Rosemount 8700 Series 
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Refer to Table 33 on page 74 
for Flange Material Code C 

Refer to Table 34 on page 74 
for Flange Material Codes S and P 

Refer to Table 35 on page 75 
for Flange Material Code C and S 

(Not available with Flange Material Code P) 
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(1) Avatlable in 1!2in. to 12 in. line sizesANS/150, ANS/300, and DIN Flanges. Available in 14 in. ANS/150 only. Notavatlable witfl electrode housing code 
W3. 

(2) Available m 112 in. to 36 in. line sizes ANS/150, ANS/300, and DIN Flanges. Available in 1 in. to 10 in. ANSI 600 Derated only . 

(3) Available in 112 in. to 14 in. line sizes ANS/150, ANS/300, and DIN Flanges. Available in 16 in. ANS/150 only. Available in 1 to 10 in. ANS/600 Derated only. 

(4) Available in 1 in. to 24 in. line sizes ANS/150, ANS/300, and DIN Flanges. Available in 30 and 36 in. AWWA Class 125 and ANS/150. Available in 1m. 
to 24 in. ANS/600 full rated. Available in 1 to 12 in. ANS/900, ANS/1500, and ANS/2500. 

(5) Available m 1 in. to 24 in. /me sizes ANS/150, ANS/300, and DIN Flanges. Available in 30 and 36 in. ANS/150 only Available in 1 to 24 in. ANS/600 full 
rated. Available in 1 in. to 12 in. ANS/900 only. 

(6) Available in 1 in. to 24 in. line sizes ANSI 150, ANSI 300, and DIN Flanges. A vat/able in 30 and 36 in. AWWA Class 125 and ANSI 150. Available in 1 to 
24/n. ANS/600 full rated. Available in 1 in. to 12 in. ANS/900 only. 

(7) Electrode type options limited to two measurement electrodes or two measurement electrodes + third groundmg electrode 

(B) Electrode type options limited to two measurement electrodes only 

(9) Lining protectors not available 

(10) Liner material options limited to T, P. or F; cannot be ordered with ground rings, lining protectors, or H(x) options 

(11) Available with ANS/150, ANS/300, and DIN flanges. 

(12) Available in flowtube sensor line sizes 0.5 through 8 in. (15 through 200 mm) 

(13) Only available witfl PTFE (all/me sizes) or Polyurethane (4 in. and larger) Lmer Materials with 3161.. SST Electrode Material 

(14) Grounding Rings and Lining Protectors provide the same fluid grounding function. L.mmg Protectors available in PTFE and ETFE only 

(15) Avatlable in flowtube sensor line sizes 0.5 through 12 in. (15 through 300 mm) 

(16) Available in flowtube sensor line sizes 0. 5 through 8 in. (15 through 200 mm) 

(17) Available in flowtube sensor line SIZes 0.5 through 16 in. (15 through 400 mm) 

(18) Available in flowtube sensor line sizes 3 through 18 in. (80 through 450 mm) 

(19) D1 Option Code must be ordered with flowtube sensor and transmitter 
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Rosemount 8700 Series 

TABLE 33. Rosemount 8705 Carbon Steel ASME B16.5 (ANSI) Flange Rating Availability 
Line Size 

Line Size Inches Class 150 Class 150 Class 300 Class 600 Class 600 
Code (mm) (C1) (C2) (CJ) (C6) (C7) 

005 0.5 (15) . NA . . NA 
010 1 (25) . NA . . . 
015 1.5 (40) . NA . . . 
020 2 (50) . NA . . . 
030 3 (80) . NA . . . 
040 4 (100) . NA . . . 
060 6 (150) . NA . . . 
080 8 (200) . NA . . . 
100 10 (250) . NA . . . 
120 12 (300) . NA . NA . 
140 14 (350) . NA . NA . 
160 16 (400) . NA . NA . 
180 18 (450) . NA . NA . 
200 20 (500) . NA . NA . 
240 24 (600) . NA . NA . 

3QQl'l 30 (750) . . NA NA NA 
36Qil) 36 (900) . . NA NA NA 

(1) AWWA C207 Table 2 Class D Flat Face Flange for opt1on C1 Only 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Class 900 Class 1500 Class 2500 
(C9) (JM) (JN) 

NA NA NA . . . . . . 
. . . . . . . . . . . . . . . . . . . . . 

NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

TABLE 34. Rosemount 8705 Stainless Steel ASME B16.5 (ANSI) Flange Rating Availability 
Line Line Size 
Size Inches Class 150 Class 150 Class 300 Class 600 Class 600 Class 900 Class 150 Class 150 Class 300 
Code (mm) (51) (52) (53) (56) (57) (59) (P1) (P2) (P3) 

005 0.5 (15) . NA . . NA NA . NA . 
010 1 (25) . NA . . . . . NA . 
015 1.5 (40) . NA . . . . . NA . 
020 2 (50) . NA . . . . . NA . 
030 3 (80) . NA . . . . . NA . 
040 4 (100) . NA . . . . . NA . 
060 6 (150) . NA . . . . . NA . 
080 8 (200) . NA . . . . . NA . 
100 10 (250) . NA . . . . . NA . 
120 12 (300) . NA . NA . . . NA . 
140 14 (350) . NA . NA . NA . NA . 
160 16 (400) . NA . NA . NA . NA . 
180 18 (450) . NA . NA . NA . NA . 
200 20 (500) . NA . NA . NA . NA . 
240 24 (600) . NA . NA . NA . NA . 

3001'1 30 (750) . . NA NA NA NA . . NA 
36QI'I 36 (900) . . NA NA NA NA . . NA 

(1) AWWA C207 Tabla 2 Class D Flat Face Flange for option S1 or P1 Only 

74 

• 

• 

• 



• 

• 

• 

Product Data Sheet 
00813-0100-4727, Rev RA 
December 2007 

TABLE 35. Rosemount 8705 EN 1092-1 (DIN) Flange Rating Availability 

Carbon Carbon Carbon Carbon Carbon 
Line Line Size Steel Steel Steel Steel Steel 
Size Inches PN 10 PN 16 PN 25 PN 40 TableD 
Code (mm) (CD) (CE) (CF) (CH) (CK) 

005 0.5 (15) NA NA NA . . 
010 1 (25) NA NA NA . . 
015 1.5 (40) NA NA NA . . 
020 2 (50) NA NA NA . . 
030 3 (80) NA NA NA . . 
040 4 (100) NA . NA . . 
060 6 (150) NA . NA . . 
080 8 (200) . . . . . 
100 10 (250) . . . . . 
120 12 (300) . . . . . 
140 14 (350) . . . . . 
160 16 (400) . . . . . 
180 18 (450) . . . . . 
200 20 (500) . . . . . 
240 24 (600) . . . . . 

Rosemount 8700 Series 

Carbon Stainless Stainless Stainless Stainless 
Steel Steel Steel Steel Steel 

Table E PN 10 PN 16 PN 25 PN 40 
(CL) (SO) (SE) (SF) (SH) . NA NA NA . . NA NA NA . . NA NA NA . 
. NA NA NA . . NA NA NA . 
. NA . NA . . NA . NA . . . . . . 
. . . . . 
. . . . . . . CF CF CF . . CF CF CF . . CF CF CF . . CF CF CF 

CF . CF CF CF 
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ROSEMOUNT 8707 ORDERING INFORMATION 
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(1) Available for 10 in. (250 mm) and larrJer line size only 

(2) Grounding Rings and Uning Protectors provide the same flwd grounding function. Uning Protectors available in PTFE and ETFE only 

(3) Available m f/owtube sensor line sizes 3 through 12m. (15 through 300 mm) 

(4) Available m f/owtube sensor line sizes 3 through 8 in. (15 through 200 mm) 

(5) Available in f/owtube sensor/me sizes 3 through 16 in. (15 through 400 mm) 

(6) Available in f/owtube sensor/me sizes 3 through 18 in. (15 through 450 mm) 

(7) 01 Option Code must be ordered with flowtube sensorandtrensmitter. Accuracy with 8712Htrensmitteris 0.25% of rete from 3 to 30 ftlsec (1 to 10 mlsec). 
Accuracy with 8732E or 87120 transmitters is 0.15% of rete. Accuracy with 8742C trensmlftens 0.2% of rete . 
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Rosemount 8700 Series 

TABLE 36. Rosemount 8707 ASME 816.5 (ANSI) Flange Rating Availability 
Line Size Carbon Steel Carbon Steel Carbon Steel 

Inches Class 150 Class 150 Class 300 
Line Size Code (mm) (C1) (C2) (C3) 

030 3 (80) . NA . 
040 4 (100) . NA . 
060 6 (150) . NA . 
080 8 (200) . NA . 
100 10 (250) . NA . 

~ 
. NA . . NA . 

) . NA . 
) . NA . 
) . NA . 

240 24 (600) . NA . 
3001'1 30 (750) . . NA 
360111 36 (900) . NA NA 

(1) AW\IVA C207 Table 2 Class D Flat Face Flange far option C1 Only 
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Stainless Steel Stainless Steel 
Class 150 Class 300 

(51) (53) . . . . . . . . . . . . . . . . . . . . . . . NA . NA 
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ROSEMOUNT 8711 ORDERING INFORMATION 

Code Electrode Material 

s 316L Stainless Steel 

H Nickel Alloy 276 (UNS N10276) 
T Tantalum 
p 80% Platinum - 20% Iridium 
N Titanium 

Code Electrode Type 

A 2 Electrodes - Standard 
B 2 Electrodes - Bullet Nose 
E 3rd Grounding Electrode - Standard 

Code Line Size 

15F 0.15 in. (4 mm) 
30F 0.3 in. (8 mm) 
005 Y. in. (15 mm) 
010 1in (25 mm) 
015 1Y. in. (40mm) 

020 2 in. (50mm) 

030 3 in. (80 mm) 
040 4 in. (100 mm) 

060 6 in. (150 mm) 
080 8 in. (200 mm) 

Code Transmitter Mounting Configuration 

79 



Rosemount 8700 Series 

Code Mounting Kit 
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Expanded Kit: Includes two alignment rings (where applicable), threaded SST studs, and nuts 

Code Options 

Certifications 

PO Pressure Equipment Directive Certification (PED, per 97/23/EC) 

ow NSF Drinking Water Certification'"' 

Optional Grounding Rings 

G1 (2) 316L SST Ground Rings 

G2 (2) Nickel Alloy 276 (UNS N10276) Ground Rings 

G3 (2) Titanium Ground Rings 

G4 (2) Tantalum Ground Rings 

~ons 
racy Calibration (0.15% of rate for matched tube and transmitter)~' 1 

DT Heavy Duty Tagging 

Q4 Calibration Certificate per ISO 10474 3.16 

a a Material Traceability 3.1 B 

Q9 Material Traceability Electrode only 3.1 B 
Q66 Welding Procedure Qualification Record Documentation1111 

Q67 Welding Performance Qualification Record Documentationl"l 

Q70 Weld Examination Inspection Certificate, ISO 10474 3.1 B'"' 
Typical Model Number: 8711 TSA 020 R 5 NO 

(1) Available with 0.15 and 0.30 in. (4 and 8 mm) line sizes only 

(2} Not available with 0.15 and 0.30 in. (4 and 8 mm) /ina SJzas 

(3) Not available with 0.15 and 0.30 in. (4 and 8 mm} line SJzas 

(4) 8 in. (200 mm) has a PN 10 mounting kit only 

(5) 8 in. (200 mm) has 11 PN 25 mounting kit only 

{6) Only avai/ab/a with PTFE Unar Material with 316L SST Electrode Meteriel 

(7) D1 Option Code must be ordered With flowtuba sensor and transmitter 

(8} 6 and 8 in. ( 150 end 200 mm} line sizes only 
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ROSEMOUNT 8721 ORDERING INFORMATION 

Code Transmitter Mounting Configuration 

R Remote, for use with 8712, or remote version of 873218742 transmitter 

u Integral, mounted to 873218742 transmitter 

X Flowtube Sensor only (does not include terminal jundion box) 

Code Process Connection Type 

p 

8 IOF Sanitary screw type I"J 

c ANSI Weld Nipple l"l 

D DIN 11851 (Imperial) 

E DIN 11851 (Metric) 

F DIN 11864-1 form A 

G DIN 11864-2 form A 

H SMS Connection 

J Cherry-Burrell 1-Line 

K DIN 11850 Weld Nipple 

Code Process Gasket Material 

1 Silicone gasket seal 

2 EPDM 
4 Viton 

8 EPDM Compression - limiting I" I 

9 Viton Compression - limiting l"l 

X No gasket (User supplied; only applicable with Process Connection B) 

Continued On Next Page 
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Rosemount 8700 Series 

Typical Model Number: 8721 AS A 020 U A 1 NO 

(1) Tri-Ciamp specification per BPE-2002 

(2) IDF Specification per BS4825 Part 4 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

(3) EHEDG Document 8 requires mechanical compression llmitmg, provided by Compression -limiting gaskets for line stzes 1- 4 in. only. 
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ROSEMOUNT 8714D ORDERING INFORMATION 
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Rosemount 8700 Series 
Tagging 

The flowtube sensor and transmitter will be tagged, 
at no charge, in accordance with customer 
requirements. 

Transmitter tag character height is 
0.125 in. (3.18 mm). 
Flowtube Sensor tag: 40 character maximum. 
Transmitter tag: see Configuration Data Sheet for 
character maximum. 

Ordering Procedure 

To order, select the desired flowtube sensor and/or 
transmitter by specifying model codes from the 
ordering table. 

For remote transmitter applications, note the cable 
specification requirements. 

Flowtube Sensors and transmitters must be selected 
from Product Data Sheet 00813-01 00-4 727. 

Standard Configuration 

Unless the Configuration Data Sheet is completed, 
the transmitter will be shipped as follows: 

The Rosemount 8732E and the 8742C Transmitter 
are factory-calibrated with the attached flowtube 
sensor size and appropriate calibration number. 
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Cable Requirements for Remote 
Transmitters 

Description Length P/N 

Signal Cable (20 AWG) ft 08712-0061-0001 
Belden 8762, Alpha 2411 m 08712-0061-0003 

equivalent 

Coil Drive Cable ft 08712-0060-0001 
(14 AWG) Belden 8720, m 08712-0060-0003 
Alpha 2442 equivalent 

Combination Signal and ft 08712-0752-0001 
Coil Drive Cable m 08712-0752-0003 

(18AWG)<1l 

(1) Combmat1on signal and CDII drive cable is not recommended for 
high-signal magmeter system. For remote mount ins tel/allons, 
combination signal and coil drive cable should be llmrted to less 
than 330ft (100m). 

Remote transmitter installations require equal 
lengths of signal and coil drive cables. Integrally 
mounted transmitters are factory wired and do not 
require interconnecting cables. 

Lengths from 5 to 1,000 feet (1.5 to 300 meters) may 
be specified, and will be shipped with the flowtube 
sensor. Cable longer than 100 feet (30 meters) is not 
recommended for high-signal systems. 

Custom Configuration (Option Code C1) 

If Option Code C1 is ordered, the Configuration Data 
Sheet (CDS) must be submitted at the time of order. 
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Configuration Data Sheets 

ROSEMOUNT 8732E CONFIGURATION DATA SHEET 
CONFIGURATION DATA SHEET 
(Unless otherwise specified, transmitter will be shipped as *Default Factory Configuration). 

Customer:----------------- P.ONo: 

Transmitter Model No:------------- Line Item:-----------------
Transmitter Tag Name: 
l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l 

l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l 
Transmitter Tag (Software): J_J_J_J_J_J_J_J_I (8 characters maXJmum) 

Descriptor: J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J (16 characters maxomum) Date (day/month/year): J_J_J J_J_J J_J_J 

Message: 
J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_l (32 characters maximum) 

OUTPUT INFORMATION (Minimum Information Necessary for Startup) 

Fluid Description = 
Units= 

Volumetric Units Mass Units111 Velocity Units D Special (Foil out the onformaUon on the box below. 

OACFD 0 USBPD (Beer) 
D ft3/day 0 USBPH (Beer) 
OACFH 0 USBPM (Beer) 
D ft3/hr 0 USBPS (Beer) 
OACFM 0 IMPBPD 
D ft3/min 0 IMPBPH 
OACFS OUSGPD 
D ft3/sec OUSGPH 
0 MMACFD OUSGPM 
D m3/day OUSGPS 
D m3/hr OIMPGPD 
D m3/min OIMPGPH 
D m3/sec OIMPGPM 
OMMACMD DIMPGPS 
D cc/day OUday 
D cc/hr D Uhr 
D cclmin DUrnin 
D cc/sec OUsec 
0 USBPD 
0 USBPH 
OUSBPM 
0 USBPS 

20 mA (Full Scale) Value= * 30ft/sec 
4mA (Zero) Value= * 0.0 ft/sec 
Damping = * 2.0 seconds 
Flowrate Display D * Eng Units 

and%span 
Totalizer Display D * Net and Gross 

D lb/day D *ftlsec Examples on back sode ) 

D lb/hr D m/sec 
D lb/min 
D lb/sec CDVolume Units = J_J_J_J_J 

D kg/day (4 characters) 

D kg/hr ®Base Units 

D kg/min D Gallons Imp. Gallons 

D kg/sec D Liters Cubic Meters 

D g/hr D Feet Meters 

D g/min ®Conversion No. 

D g/sec ®Time Base 

D ton/day D Hours Minute 

D ton/hr ODay Second 

Dton/min ®Rate Units = U_LU 

D ton/sec 
( 4 chsractars) 

D Ton (M)/day 
D Ton (M)/hr Density/Density Ratio Value = 
D Ton (M)/min (*62.4) 

D Ton (M)/sec 

Density Units 
D *lblft3 D kgtm3 

D Eng Units and D %Span and 
Gross Total Gross Total 

D Forward and 
Reverse 

Continued On Next Page 
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Rosemount 8700 Series 

Hardware Jumpers 
A) Write Protect 
B) Analog Loop Power 
C) Pulse Output: Internal or 
External 
D) Alarm Option 
Flowtube Sensor Size = __ _ 

D* Off 
D* Internal 
D Internal 

D* High 
.15 -60" * 3" 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Continued from Previous Page 

Local Display Language: 

DOn D * English D Spanish 
D External D French D German 
D *External D Portuguese 

DLow 

Flowtube Sensor Calibration No.: l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l 16 Digits from flowtube sensor* 1000005010000000 

SPECIAL UNITS- OUTPUT INFORMAnON EXAMPLE 
(If applicable, complete the information on the front as shown in the examples below). 

Example 1: 
User wants Barrels per day 
(1 Barrel= 31 gallons): 

CDVol Unit = BARL 
@Base Units = Gallons 
@Conversion No. = 31.0 
@Time Base = Day 
®Rate Units = B/DY 

Basic Diagnostics Information 

Empty Pipe 
D Enable 
D Disable* 
Electronics Temperature 
D Enable 
D Disable* 

Example2: 
User wants Kgs per minute 
(Density= 1.05 Kg/Liter with 1 Kg = 0.9524 liters): 

CDVol Unit = Kg 
@Base Units = Liters 
@Conversion No. = 0.9524 
@Time Base = Minute 
®Rate Units = Kg/m 

Trigger Level ____ 1 00* 
Empty Pipe Counts 5* 

Advanced Diagnostics Information (Requires DA1 Option) 

High Process Noise 
D Enable* 
D Disable 

Grounding/Wiring 
Faults 
D Enable* 
D Disable 

NOTE 
If DA 1 is selected in the model code, Empty Pipe and Electronics 
Temp Diagnostics will also be enabled. 

8714i Meter Verification Diagnostic (Requires DA2 Option) 

Test Criteria: 
Empty Pipe: ___ (*5%) 
Flowing Full: ___ (*3%) 
Full, No Flow: ___ (*2%) 

NOTE 
The Test Criteria value sets the pass fail value for the meter calibration 
verification check. This value must be an integer value between 1 and 
10%. 

Digital Input/ Digital Output Information (Requires AX Option) 

Digital Input 

D Enable* 
D Disable 
Digital Input Configuration 
D Positive Zero Return (PZR)* 
D Totalizer Reset 
D Transmitter Reset 
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Digital Output 

D Enable* 
D Disable 
Digital Output Configuration 

D Empty Pipe* 
OZero Flow 
D Reverse Flow 
D Transmitter Fault 

Continued On Next Page 
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AUXILIARY OUTPUT INFORMATION (Not Required for Typical Start-up) 

Pulse Scaling: 

D *.03 ft 
D 1 Pulse = units 

Low Flow Cutoff: 

* 0.04 ft/sec 
Pulse Width: 

* 0.5mls 

Operation Mode: 

D *Normal 
D Filter (Operating Mode for B712H is not available.) 
Coil Pulse Mode: 

D * 5 Hz (Default) 
D 37.5 Hz 
Signal Processing: 

D*Off 
DOn 

* 90 No. Samples 
* 2 Max.% Limit % 
* 2 Time Limit Sec 

FLOWTUBE SENSOR INFORMATION (Data Only- Does Not Affect Transmitter Output) 

SST Flowtube Sensor Tag No.:-----------------

Flowtube Sensor Serial No: l_l_l_l_l_l_l_l (7 characters mw<~mum) 

Enter either the Rosemount flowtube sensor model number or select one option from each of the following groups of options: 
Flowtube Sensor Model No. _______________ _ 
Or: 
Electrode Material: 
D *316SST 
D Titanium 
D Alloy-20 
0 Nickel Alloy 276 (UNS 
N10276)® 

Flange Material: 
D *Carbon Steel 

DTantalum 
D Platinum-Iridium 
D Special 

0304SST 
D Special 

Electrode Type: 
D *Standard 
DBullet 

Liner Material: 
D * PTFE 
DETFE 
D Polyurethane 

D * 4--20 mA and scaled pulse with simultaneous digital signal based on HAR"f& protocol 
D Burst mode of HART digital process variable 

Burst mode output options: 
D Primary variable in engineering units. 
D Primary variable in percent of range. 
D All dynamic variables in engineering units. 
D All dynam1c vanables in engineering units and the primary variable mA value. 

D Multidrop Communications(3l 
Choose transmitter address (1-15)(4>: ____ _ 

( 1) Mass units require a process density. Standard/Normal units require a density ratio. 

(2) Required for mass or standard/normal flow units. 

(3) This option fixes the transmitter's analog output at 4 mA. 

(4) Default transmitter address is 1 if multidrop communication is selected . 

D Standard, plus Grounding 
D Special 

D Neoprene 
D Special 
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ROSEMOUNT 8712D CONFIGURATION DATA SHEET 
CONFIGURATION DATA SHEET 
(Unless otherwise specified, transmitter will be shipped as *Default Factory Configuration). 

Customer:----------------- P.O No: 

Transmitter Model No:------------- Line Item:-----------------
Transmitter Tag Name: 
l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l 

'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' Transmitter Tag (Software): 1-Ll-LLJ_j_J_j (8 charactsm max1mum) 

Descriptor: LI_J_J_J_J_J_I_J_J_J_J_I_I_)_J_I (15 charactsm maximum) Date (day/month/year): I_I_J l_l_l J_J_J 

Message: 
J_J_J_I_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_J_I_J_J_J_J_J_J (32 charactsm maximum) 

OUTPUT INFORMATION (Minimum Information Necessary for Startup) 

Fluid Description = 
Units= 

Volumetric Units Mass Units11l Velocity Units D Special (FlU out !lle informabon 111 !lle box below. 

OACFD D USBPD (Beer) D lb/day D *ftlsec Examples on back s1de ) 

D ft31day 0 USBPH (Beer) D lb/hr D m/sec 
OACFH 0 USB PM (Beer) D lb/min 
D ft3/hr 0 USBPS (Beer) D lb/sec <DVolume Units = u_u_l 
OACFM OIMPBPD D kg/day (4 chamcters} 

D ft31min OIMPBPH D kglhr ®Base Units 

OACFS OUSGPD Dkg/min OGallons Imp. Gallons 

Oft3/sec OUSGPH D kg/sec D Uters Cubic Meters 

OMMACFD OUSGPM D g/hr DFeet Meters 

D m3/day OUSGPS Og/min ®Conversion No. 

D m3/hr OIMPGPD Og/sec ®Time Base 

Dm3/min OIMPGPH D ton/day D Hours Minute 

D m3/sec OIMPGPM D ton/hr DDay Second 

OMMACMD OIMPGPS Oton/min ®Rate Units = u_Lu 
D cclday OUday D ton/sec 

(4 charactel'8} 

D cclhr OUhr D Ton (M)/day 
D cclmin DUrnin D Ton (M)Ihr Density/Density Ratio Value = 
D cclsec ousec D Ton (M)Imin (*&2.4) 

0 USBPD D Ton (M)/sec 
OUSBPH 

Density Units OUSBPM 
OUSBPS D *lb/ft3 D kg/m3 

20 rnA (Full Scale) Value= *30ft/sec 
4mA (Zero) Value = * O.Oftlsec 
Damping= * 2.0 seconds 
Flowrate Display D *Eng Units D Eng Units and D%Spanand 

and%span Gross Total Gross Total 
Totalizer Display D * Net and Gross D Forward and 

Reverse 
Continued On Next Page 
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Hardware Switches 

A) Write Protect 
B) Analog Loop Power 
C) Alarm Option 
Flowtube Sensor Size = __ 

D* Off 
D* Internal 
D* High 
.15- 60" * 3" 

DOn 
D External 
DLow 

Flowtube Sensor Calibration No: l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l 16 Digits from flowtube sensor* 1000005010000000 

SPECIAL UNITS- OUTPUT INFORMATION EXAMPLE 
(If applicable, complete the info~mation on the front as shown in the examples below). 

Example 1: 
User wants Barrels per day 
(1 Barrel = 31 gallons): 

<DVol Unit = BARL 
@Base Units = Gallons 
®Conversion No. = 31.0 
@Time Base = Day 
®Rate Units = B/DY 

Basic Diagnostics Information 

Empty Pipe 
D Enable 
D Disable* 
Electronics Temperature 
D Enable 
D Disable* 

Example2: 
User wants Kgs per minute 
(Density= 1.05 Kg/Liter with 1 Kg = 0.9524 liters): 

<DVol Unit = Kg 
@Base Units = Liters 
®Conversion No. = 0.9524 
@Time Base = Minute 
®Rate Units= Kg/m 

Trigger Level ____ 1 00* 
Empty Pipe Counts 5* 

Advanced Diagnostics Information (Requires DA1 Option) 

High Process Noise 
D Enable* 

Grounding/Wiring 
Faults NOTE 

D Disable D Enable* 
D Disable 

If DA1 is selected in the model code, Empty Pipe and 
Electronics Temp Diagnostics will also be enabled. 

AUXILIARY OUTPUT INFORMATION (Not Required for Typical 
Start-up) 

Pulse Scaling: 
D *.03ft 
D 1 Pulse = units 

Auxiliary Output Control: 

D *Zero Flow 

D Reverse Flow 
Low Flow Cutoff: 

* 0.04 ftlsec 
Pulse Width: 

* 0.5mls 

Operation Mode: 
D *Normal 
D Filter (Operating Mode for 8712H is not available.) 
Coil Pulse Mode: 

D*5Hz 
(Default) 
D 37.5 Hz 
Signal Processing: 

D* Off 
DOn 

* 90 No. Samples 
* 2 Max.% Limit % 
* 2 Time Limit Sec 

Continued On Next Page 
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FLOWTUBE SENSOR INFORMATION (Data Only- Does Not Affect Transmitter Output) 

SST Flowtube Sensor Tag No.:-----------------

Flowtube Sensor Serial No· l_l_l_l_l_l_l_l (7 characters maximum) 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

Enter either the Rosemount flowtube sensor model number or select one option from each of the following groups of options: 

Flowtube Sensor Model No---------------
Or: 
Electrode Material: 
0 *316SST 
0 Titanium 
0 Alloy-20 
0 Nickel Alloy 276 (UNS 
N10276)® 

Flange Material: 
0 •carbon Steel 

OTantalum 
0 Platinum-Iridium 
0 Special 

0 304 SST 
0 Special 

Electrode Type: 
0 *Standard 
OBullet 

Liner Material: 
0 * PTFE 
OETFE 
0 Polyurethane 

0 Standard, plus Grounding 
0 Special 

0 Neoprene 
0 Special 

0 * 4-20 mA, scaled pulse, and auxiliary output with simultaneous digital signal based on HARr® protocol 
0 Burst mode of HART digital process variable 

Burst mode output options: 
0 Primary variable in engineering units. 
0 Primary variable in percent of range. 
0 All dynamic variables in engineering units. 
0 All dynamic variables in eng1neering units and the primary vanable mA value. 

0 Multidrop Communications(3l 

Choose transmitter address (1-15)(4>: -----

(1) Mass units require a process density. Standard/Normal umts require a density ratio. 

(2) Required for mass or standard/normal flow units. 

(3) This option fixes the transmitter's analog output at 4 mA. 

(4) Default transmitter address is 1 if multidrop communication is selected. 
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ROSEMOUNT 8712H CONFIGURATION DATA SHEET 
CONFIGURATION DATA SHEET 
(Unless otherwise specified, transmitter will be shipped as *Default Factory Configuration). 

Customer:------------------ P.ONo: 

Transmitter Model No:------------- Line Item:------------------
Transmitter Tag Name: 

'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' 
'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' Transmitter Tag (Software): 1-LI-I_I_I_LLJ (8 charact&rs max1mum) 

Descriptor: l_l_l_l_j_l_l_l_l_l_l_l_l_l_l_l_l (16 characters maJ.,mum) Date (day/month/year): l_l_l l_l_l j_J_I 

Message: 
I_I_J_I_J_j_j_j_j_j_j_J_I_I_I_J_j_j_j_j_l_j_j_j_j_j_j_j_j_j_j_j_j(32charactersma>"mum) 

OUTPUT INFORMATION (Minimum Information Necessary for Startup) 

Fluid Description=----------------------------------
Units = 0 * Ft/Sec 

OGaVSec 
0 Liters/Sec 
0 Imp. GaVSec 
0 CuMeters/Sec 

OGaVMin 
0 Liters/Min 
0 Imp. Gal/Min 
0 CuMeters/Min 

20 rnA (Full Scale) Value= * 30ft/sec 
4mA (Zero) Value= * 0.0 ft/sec 
Damping = * 2.0 seconds 
Flowrate Display 

Totalizer Display 

Hardware Jumpers 

A) Write Protect 

B) Analog Loop Power 
C) Alarm Option 

Aowtube Sensor Size = __ 

0 *Eng Units 
and%span 

0 * Net and Gmss 

O*Off 
0* Internal 
0* High 

3"-36" * 3" 

OGaVHr 
0 Liters/Hr 
0 Imp. Gai/Hr 
0 CuMeters/Hr 
0 Meters/Sec 

D Eng Units and 
Gross Total 

0 Forward and 
Reverse 

oon 
0 External 

OLow 

OGaVDay 0 Special (Fill out the 1nfonnadon '" the box 

0 Liters/Day below. Examples on back s1de.) 

0 Imp. GaVDay 
D CuMeters/Day 

CDVolume Units = LU_U 
(4 characters) 

®Base Units 
OGallons Imp. Gallons 
0 Liters Cubic Meters 

D %Span and OFeet Meters 
Gross Total 

@Conversion No. 
®lime Base 
0 Hours Minute 
ODay Second 
®Rate Units = LLLJ_I 

(4 chSflllctersJ 

Flowtube Sensor Calibration No.: I_I_J_J_J_I_I_I_J_J_J_I_I_I_I_I_I 16 Digits from flowtube sensor* 1000005010000000 

SPECIAL UNITS- OUTPUT INFORMATION EXAMPLE 
(If applicable, complete the information on the front as shown in the examples below). 

Example 1: 
User wants Barrels per day 
(1 Barrel= 31 gallons): 

®Vol Unit = BARL 
®Base Units= Gallons 
@Conversion No. = 31.0 
®lime Base = Day 
®Rate Units = B/DY 

Example2: 
User wants Kgs per minute 
(Density = 1.05 Kg/Liter with 1 Kg = 0.9524 liters): 

®Vol Unit = Kg 
®Base Units = Liters 
@Conversion No.= 0.9524 
@lime Base = Minute 
@Rate Units = Kg/m 

Continued On Next Page 
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AUXILIARY OUTPUT INFORMATION (Not Required for Typical Start-up) 

Empty Pipe Functionality: 

D*Off 
DOn 

Pulse Scaling: 

0 *.03 ft 
D 1 Pulse= ____ units 

Auxiliary Output Control: 

0 *Zero Flow 
0 Reverse Flow 

Low Flow Cutoff: 

* 0.1 ftlsec 
Pulse Width· 

* O.Smls 

0 Multidrop Communications<1l 

Choose transmitter address (1-15)<2>: --=== 

Operation Mode: 

D*Normal 
OFilter 
Signal Processing: 

D* otr 
oon 

Product Data Sheet 
00813-0100-4727, Rev RA 

December 2007 

* 90 No. Samples 

* 2 Max.% Limit % 
* 2 lime Umit Sec 

FLOWTUBE SENSOR INFORMATION (Data Only- Does Not Affect Transmitter Output) 

SST Flowtube Sensor Tag No.:----------------

Flowtube Sensor Serial No: l_l_l_l_l_l_l_l (1 characlsrs maximum) 

Enter either the Rosemount flowtube sensor model number or select one option from each of the following groups of options: 
Flowtube Sensor Model No ______________ _ 

Or: 
Electrode Material: 
0 *316SST 
D Titanium 
OAIIoy-20 
0 Nickel Alloy 276 {UNS 
N10276)® 

Flange Material: 
D *Carbon Steel 

OTantalum 
0 Platinum-Iridium 
D Special 

0304SST 
OSpecial 

Electrode Type: 
0 *Standard 
0 Bullet 

Liner Material: 
D*PTFE 

0 Standard, plus Grounding 
0 Special 

0 ETFE 0 Neoprene 
0 Polyurethane 0 Special 

D * 4-20 mA, scaled pulse, and auxiliary output with simultaneous digital signal based on HART'> protocol 
D 4-20 mA and auxiliary output with simultaneous digital signal based on HART protocol (Rosemount 8732E only) 
0 Burst mode of HART digital process variable 

Burst mode output options: 
0 Primary variable in engineering units. 
0 Primary variable in percent of range. 
D All dynamic variables in engineering units. 
0 All dynamic variables in engineering units and the primary variable mA value 

(1) This option fixes the transmitter's analog output at 4 mA. 

(2) Default transmitter address is 1 if multidrop communicatiOn is selected. 
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ROSEMOUNT 8742C CONFIGURATION DATA SHEET. 
CONIOIGURATION DATA SHEET 
Unless otherw1se specified, transmitter will be shipped as * (default factory configuration) 

Customer: _______________ _ 
P.O. No.:----------

Transmitter Model No.: ____________ _ Item: __________ _ 

Transmitter Tag (software): 

'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' 
'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-' Descriptor: 1-1-l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l 
(32 characters maximum) 

OUTPUT INIOORMATION (Minimum lnfo~mation Necessary for Startup) 

Fluid Description: 

Units= 

0 *Ft./Sec D Ft/Min 0 Ft/Hr 0 FUd 
Om/Sec Om/Min Om/Hr Om/d 

Hardware Jumpers 
A) Write Protect 
B) Simulate 

D*otr 
D* Off 

DOn 
DOn 

OGai/Sec OGai/Min OGai/Hr OGal/d Flowtube Sensor Size = ---- 0.15- 60" * 3" 
D m3/Sec D m3/Min D m3/Hr om3/d 

D cm3/Sec D cm3/Min D cm3/Hr D cm3/d Flowtube Sensor Calibration No. = * 1000005010000000 
0 Ft3/Sec 0 Ft3/Min 0 Ft3/Hr 0 Ft3/d 
D Liters/Sec D Liters/Min D Liters/Hr OLitersld 
D lgai/Sec D lgai/Min D lgai/Hr Olgal/d 
D bbi*/Sec Obbi!Min D bbi/Hr Obblld SST Flowtube Sensor Tag No.: __________ _ 

D cF/Sec OcF/Min 
Olb/Sec Olb/Min 

Okg/Sec D kg/Min 

D ton/Sec D ton/Min 

Oston!Sec D ston/Min 
*bbl = 31.5 gal US (119 liters) 

D cF/Hr 
D lb/Hr 
D kg/Hr 

D ton/Hr 

D ston/Hr 

OcF/d 
Olbld 

Okgld 

D tonld 

Ostonld 

Damping:_-:---':------------* minimum 0 seconds 

Density·---------- D * 62.4 tblftl 
D kg/m3 

(required for mass units only, mass units in italics) 

AUXILIARY OUTPUT INIOORMATION (Normally Not Required for Typ1cal Start-up) 

Coil Pulse Mode: 

Empty pipe functionality: 

Local Display Language: 

D*Off 

D *English 
D French 

D 37.5 Hz 

DOn 

D Spanish 
OGerman 

Low Flow Cutoff fUsee * 0.04 
(minimum of 0 fUsee for low flow cutoff) 

Continued On Next Page 
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FLOWTUBE SENSOR INFORMATION (Data Only- Does Not Affect Transmitter Output) 

Flowtube Sensor Serial No.: l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_i_l_l 
(32 characters maximum) 

Enter either the Rosemount flowtube sensor model number or select one option from each of the following groups of options: 

Flowtube Sensor Model No.: ______________ _ 

Or: 
Electrode Material: 

Electrode Type: 

Liner Material: 

94 

0 * 316SST 
OTitanium 
OAIIoy-20 
0 Other 

0 *Standard 
0 6ulletnose 

0 Tantalum 
0 Platinum-Iridium 
0 Hastettoy® C-276 

0 Removable 

OOther 
0 Standard and Grounding Electrodes 

O*PTFE 
OETFE 

OPFA 
0 Polyurethane 

0 Natural Rubber 
0 Unatex® Rubber 
0 Neoprene 
0 Other 

Flange Material: 

Flange Type: 

0304SST 
0 316LSST 
0 Other 

0 * ASME 816.5 (ANSI) Class 150 
0 ASME 616.5 (ANSI) Class 300 
0 ASME 616.5 (ANSI) Class 600 
0 ASME 616.5 (ANSI) Class 900 
OWafer 

0* Carbon Steel 
OWafer 

0 DIN PN 10 
0 DIN PN 16 
0 DIN PN 25 

0 DIN PN 40 
0 DIN PN64 
0 Other 
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A IMPORTANT NOTICE 
This installation guide provides basic guidelines for Rosemount 3051 CfT transmitters 
(reference manual document number 00809-0100-4051). It does not provide 
instructions for diagnostics, maintenance, service, or troubleshooting This document 
is also avatlable electronically on www.emersonprocess.com/rosemount. 

A WARNING 
Explosions could result In death or serious injury: 
Installation of this transm1tter in an explosive environment must be in accordance with 
the appropriate local, national, and international standards, codes, and practices. 
Please review the approvals section of the 3051CfT reference manual for any 
restrictions associated with a safe installation. 

Before connecting a HART commumcator in an explos1ve atmosphere, ensure the 
Instruments 1n the loop are mstalled in accordance with intrinsically safe or 
non-incendtve field wiring practices. 
In an Explosion-Proof/Flame-Proof installation, do not remove the transmitter 
covers when power ts applied to the unit. 

Process leaks may cause harm or result in death. 
• Install and tighten process connectors before applying pressure. 

Electrical shock can result in death or serious injury_ 
Avoid contact with the leads and terminals. High voltage that may be present on 
leads can cause electrical shock. 
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STEP 1: MOUNT THE TRANSMITTER 

Liquid Flow Applications 

1. Place taps to the side of the hne. 
2 Mount beside or below the taps. 
3 Mount the transmitter so that the drain/vent 

valves are onented upward. 

Gas Flow Applications 

1. Place taps in the top or s1de of the line. 
2. Mount bes1de or above the taps 

Steam Flow Applications 

1. Place taps to the side of the line 
2 Mount beside or below the taps. 
3 Fill 1m pulse lines with water 

Rosemount 3051 
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STEP 1 CONTINUED ..• 
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C 
, P1pe Mount 

oplanar Flange 

TraditiOnal Flange 

In-line 
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STEP 1 CONTINUED ••• 

Bolting Considerations 

Rosemount 3051 

If the transmitter installation requires assembly of the process flanges, manifolds, or flange 
adapters, follow these assembly guidelines to ensure a light seal for optimal performance 
characteristics of the transmitters. Use only bolts supplied with the transmitter or sold by 
Emerson as spare parts. Figure 1 illustrates common transmitter assemblies w1th the bolt 
length required for proper transmitter assembly. 

F1gure 1. Common Transmitter Assemblies 

A. Transmitter with 
Coplanar Flange 

~ 
C. Transmitter with Traditional 

Flange and Optional Flange 
Adapters 

D. Transmitter with 
Coplanar Flange and 
Optional Manifold and 
Flange Adapters 

4 x 1.75-ln. (44 mm) 

B. Transmitter with Coplanar 
Flange and Optional 
Flange Adapters 

4 x 2.88-in. (73 mm) 

4 x 2.25-ln. (57 mm) 

Bolts are typically carbon steel or stainless steel. Confirm the material by view1ng the 
markings on the head of the bolt and referencing Figure 2 If bolt material is not shown in 
Figure 2, contact the local Emerson Process Management representative for more 
information. 

Use the following bolt installation procedure· 

1 Carbon steel bolts do not require lubrication and the stainless steel bolts are coated w1th 
a lubricant to ease installation. However, no addltionallubncant should be applied when 
installing either type of bolt. 

2. Finger-tighten the bolts. 

3. Torque the bolts to the 1nitial torque value using a cross1ng pattern. See Figure 2 for 
init1al torque value. 

4. Torque the bolts to the final torque value us1ng the same crossing pattern. See Figure 2 
for final torque value. 

5 Verify that the flange bolts are protruding through the isolator plate before applying 
pressure 
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STEP 1 CONTINUED ••• 

Quick Installation Guide 
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June 2009 

F1gure 2 Torque values for the flange and flange adapter bolts 
Bolt Material Head Markings Initial Torque Final Torque 

Carbon Steel (CS) 

Stamless Steel (ssn 

r:::\;-;;;;\ 
\!V~ 

Fw\ 
~ 

300m -lbs. 650 1n -lbs 

150 1n -lbs. 300 1n -lbs. 

0-rings with Flange Adapters 

A WARNING 
Failure to 1nstall proper flange adapter 0-nngs may cause process leaks, which can result m death or 

serious InJury The two flange adapters are distinguished by unique 0-nng grooves Only use the 0-ring 
that 1s des1gned for 1ts specific flange adapter, as shown below 

Rosemount 30515 I 305112051/ 300113095 

Rosemount 1151 

PTFE Based 
Elastomer 

Flange Adapter 

& Whenever the flanges or adapters are removed, VIsually inspect the o-rings Replace them 
if there are any signs of damage, such as nicks or cuts. If you replace the o-nngs, re-torque 
the flange bolts and alignment screws after installation to compensate for seating of the 
PTFE o-ring. 
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STEP 1 CONTINUED ... 

lnline Gage Transmitter Orientation 
The low side pressure port (atmosphenc reference) on the in line gage transmitter is located 
m the neck of the transmitter, behind the housmg. The vent path is 350• around the 
transmitter between the housing and sensor. (See F1gure 3 ) 

Keep the vent path free of any obstruction, 1nclud1ng but not limited to paint, dust, and 
lubrication by mounting the transmitter so that the process can dra1n away. 

F1gure 3 lnlme Gage Transm1tter 

STEP 2: CONSIDER HOUSING ROTATION 

To improve field access to w1ring or to better F1gure 4. 
view the opt1onal LCD display· 

1 Loosen the housing rotation set screw. 
2. First, using a 5/64-in. hex wrench, rotate the 

housing clockwise to the desired location. If 

Low side pressure port 
(atmospheric reference) 

the desired location cannot be achieved due Housing Rotation Set Screw 
to thread limit, rotate the housing counter 
clockwise to the desired location (up to 1ao• 
from thread limit). 

3. Retighten the housing rotation set screw. 

STEP 3: SET SWITCHES (OPTION 01) 
If alarm and security adJustment option is not installed, the transmitter will operate normally 
with the default alarm condition alarm high and the securrty off. 

Transmitter Sw1tch Configuration 
Without LCD Display With LCD Display 

Shde the secunty and alarm switches into the preferred pos1t1on by us1ng a small screwdnver 
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STEP 4: CONNECT WIRING AND POWER UP 
Use the following steps to wire the transmitter. 

1. Remove the housing cover labeled "Field Terminals." 

Quick Installation Guide 
00825-0100-4051, Rev BA 

June 2009 

2. Connect the positwe lead to the"+" terminal, and the negative lead to the·-· terminal 

NOTE 
Do not connect the power across the test terminals. Power could damage the test diode in 
the test connection. Twisted pairs yield best results; shielded signal wiring IS not necessary. 
Use 24 AWG or larger wire and do not exceed 5,000 feet (1500 meters). 

3. Plug and seal unused conduit connections. 
4. If applicable, install Wiring with a drip loop. Arrange the drip loop so the bottom IS lower 

than the conduit connections and the transmrtter housing. 
5.' Replace the housing cover. 

The figures below show the wiring connections necessary to power a 3051CfT and enable 
communications with a hand-held HART communicator 
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Transmitter Wtring (4-20 rnA I HART) 

Power 
Supply 

lnstallalton of the transtent protection termmal block does not provide transtent protect1on 
unless the 3051 case IS properly grounded. 
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STEP 4 CONTINUED ••• 

Signal Wiring Grounding 
Do not run signal wiring in conduit or open trays with power Wiring, or near heavy electrical 
equipment. Grounding terminations are provided on the outside of the sensor module and 
inside the Terminal Compartment. These grounds are used when transient protect term1nal 
blocks are installed or to fulfill local regulations See Step 2 below for more Information on 
how the cable shield should be grounded. 

1. Remove the Field Terminals housing cover. 
2. Connect the w1nng pair and ground as indicated in F1gure 6. The cable shield should: 

a. Be trimmed close and msulated from touch1ng the transmitter housing. 
b. Continuously connect to the termination po1nt. 
c. Be connected to a good earth ground at the power supply end. 

F1gure 6 Winng 
Minimize"-.,_ 
Distance : "-.,_ Trim shield and 

Insulate 

·/-
Insulate Minimize 

Shield Distance 

Connect Shield Back to the 
Power Supply Ground 

3. Replace the housing cover. It is recommended that the cover be lightened until there is 
no gap between the cover and the housing. 

4. Plug and seal unused conduit connections. 
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STEP 4 CONTINUED ••• 

Power Supply 
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The de power supply should provide power w1th less than two percent npple. The total 
resistance load IS the sum of the res1stance of the signal leads and the load resistance of 
the controller, indicator, and related pieces. Note that the resistance of intnnsic safety 
barners, if used, must be Included. 

F1gure 7 Load Umitat1on 

10 

Max1mum Loop Res1stance 
43.5 • (Power Supply Voltage 10 5) 

1387-,---------,. 

I 1ooo 
.c 
Q. 
'tl 500 
.s 

o~--~---.---~ 
10.5 20 30 

Voltage (V de) 42.4 

The HART commumcator requires a mimmum loop 
resistance of 2500 for commumcation 
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STEP 5: VERIFY CONFIGURATION 
A check(/) indicates the basic configuration parameters. At minimum, these parameters 
should be verified as part of the configuration and startup procedure. 

Table 1 HART Fast Key Sequence 

Function Fast Key Sequence 

Alarm Level Configuration 1,4,2,7, 7 
Alarm and Saturation Levels Configuration 1, 4, 2. 7 
Analog Output Alarm Dtrectton Configura!Jon 1,4,2.7,6 
Analog Output Trim 1, 2, 3, 2 
Burst Mode On/Off 1,4,3,3,3 
Burst Opttons 1,4,3,3,4 

j Damptng 1, 3, 6 
Date 1, 3, 4, 1 
Descnptor 1, 3, 4, 2 
Dtgttal To Analog Trim (4-20 mA Output) 1, 2. 3, 2. 1 
Fteld Devtce Information 1, 4, 4, 1 
LCD Meter Configuration 1, 3, 7 
Loop Test 1, 2, 2 
Lower sensor Tnm 1,2,3,3,2 
Message 1, 3, 4, 3 
Number of Requested Preambles 1,4,3,3,2 
Pressure Alert ConfiguratiOn 1,4,3,5,3 
Poll Address 1, 4, 3, 3, 1 
Poll a Mulbdropped Transmitter left Arrow, 4, 1 , 1 
Remapping 1, 4, 3, 6, 4 
Rerange- Keypad Input 1' 2, 3, 1, 1 
Saturation Level Configuration 1,4,2,7,8 
Scaled DIA Tnm (4-20 mA Output) 1, 2, 3. 2, 2 
Scaled Variable Configuration 1' 4, 3, 4, 7 
self Test (Transmitter) 1' 2, 1' 1 
Sensor Information 1, 4, 4, 2 
Sensor Temperature 1' 1' 4 
sensorTnm 1,2,3,3 
sensor Tnm Potnts 1,2,3, 3,5 
Status 1, 2, 1, 2 

j Tag 1' 3, 1 
Temperature Alert Configuration 1,4, 3, 5,4 

j Transfer Function (Settmg Output Type) 1, 3, 5 
Transmitter security {VIkite Protect) 1, 3, 4, 5 

j u Oils (Process Va nable) 1, 3, 2 
Upper Sensor Trim 1, 2, 3, 3, 3 
ZeroTnm 1' 2, 3, 3, 1 

11 
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STEP 6: TRIM THE TRANSMITTER 
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Transmitters are shipped fully calibrated per request or by the factory default of full scale 
(lower range value = zero, upper range value = upper range limit). 

Zero Trim 
A zero trim is a single-point adjustment used for compensating mounting position and tine 
pressure effects. When performing a zero trim, ensure that the equalizing valve is open and 
all wet legs are filled to the correct level. 

If zero offset is less than 3% of true zero, follow the "Using the HART Communicator" 
instructions below to perform a zero trim. If zero offset is greater than 3% of true zero, 
follow the "Ustng the Transmitter Zero Adjustment Button" instructions below to rerange. If 
hardware adjustments are not avatlable, see the 3051 Reference Manual (document 
number 00809-0100-4051) to perform a rerange using the HART Communtcator. 

Using the HART Communicator 
HART Fast Keys Steps 

1' 2, 3, 3, 1 1 EqualiZe or vent the transmitter and connect HART 
commumcator 

2. At the menu, mput the HART Fast Key sequence. 
3 Follow the commands to perform a zero tnm. 

Using the Transmitter Zero Adjustment Button 

Push and hold the zero adjustment button for at least two seconds but no longer than ten 
seconds 

Without LCD D1splay With LCD D1splay 

12 
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SAFETY INSTRUMENTED SYSTEMS 
Additional Safety Instrumented Systems information is available in the Rosemount 3051 
reference manual (document number 00809-0100-4051). The manual is available 
electronically on www.emersonprocess com/rosemount or by contactmg an Emerson 
Process Management representative. 

3051 Safety Certified Identification 
All 3051 transmitters must be Identified as safety certified before installing into SIS 
systems. To identify a safety certified 3051, verify that QT is Included in the transmitter 
model code. 

Installation 
No special mstallat1on is requ1red in addition to the standard installation practices outlined 
m this document. Always ensure a proper seal by installing the electronics housing cover(s) 
so that metal contacts metal. 

Environmental limits are available in the 3051 Product Data Sheet 
(document number 00813-0100-4051). Th1s document can be found at 
www emerson process. comlrosemountlsafetylcerttechdocumentatlon htm 

The loop should be designed so the tenninal voltage does not drop below 10 5 Vdc when 
the transmitter output is 22 5 rnA. 

If hardware security switches are mstalled, the security switch should be 1n the "ON" 
position during nonnal operation. See Figure 5 on page 7. If hardware security switches are 
not installed, secunty should be "ON" in the software to prevent accidental or deliberate 
change of configuration data during nonnal operation. 

Configuration 
Use any HART-compliant master to communicate with and verify configuration of the 3051 
SIS (see Table 1 on page 11 and 9 to verify configuration). User-selected damping will 
affect the transmitters ability to respond to changes in the applied process. The damping 
value + response time should not exceed the loop requirements. 

NOTE 
Transmitter output 1s not safety-rated during the following: configuration changes, 
multidrop, and loop test. Alternative means should be used to ensure process safety dunng 
transmitter configuration and maintenance activities. 

Alarm and Saturation Levels 
DCS or safety logic solver should be configured to match transmitter configuration. Figure 8 
identifies the three alann levels available and the1r operation values 

13 
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Ftgure 8 Alarm Levels 
Rosemount Alarm Level 

Nonnal 
Operation 
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3.75 J.~,*l~J;·::.:·",~;="~ ~~~;z:;r ,,; J7s'2'mA 

3.9 rnA 20.8 rnA 
low high 

saturation saturation 

Namur Alarm Level 

3.6 m f1l 

3.8mA 
low saturation 

Nonnal 
Operation 

Custom Alarm Leve1PH4 l 

Nonnal 
Operation 

3.6 - 3.8 rnAl11 20 mA 2 .2 • 23.ol21mA 

3.7-3.9 rnA 
low saturation 

20.1 • 21.5 rnA 
high saturation 

(1) Transmitter Failure. hardware or software alarm in LO postt1on 
(2) Transmitter Failure. hardware or software alarm m HI postt1on 
(3) High alarm must be at least 0 1 mA higher than the hi!Jh saturat1on value. 
(4) Low alarm must be at least o 1 mA lower than the low saturation value. 

Setting the alarm values and direction is dependent on whether or not the hardware switch 
option is installed. You can use a HART master or commumcator to set the Alarm and 
Saturation values. 

Switches installed 
1. If using a commumcator, use the following fast key sequence to set the Alarm and 

Saturation values. 
Alarm Levels- Fast Key, 1, 4, 2, 7, 7 
Saturation Levels- Fast Key; 1, 4, 2, 7, 8 

2. Manually set the direction for the Alarm to HI or LO using the ALARM switch as shown 
in Figure 5 on page 7. 

Switches not installed 
1. If using a communicator, use the following fast key sequence to set the Alarm and 

Saturation values and the Alarm Direction. 
Alarm Levels- Fast Key; 1, 4, 2, 7, 7 
Saturat1on Levels- Fast Key; 1. 4, 2, 7, 8 
Alarm Direction Fast Key; 1, 4, 2, 7, 6 
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Operation and Maintenance 
Proof Test and Inspection 

The following proof tests are recommended Proof test results 
and corrective actions taken must be documented at 
www.emersonprocess.comlrosemounVsafetylcerttechdocumentation.htm in the event that 
an error is found in the safety functionality. 

Use ''Table 1· HART Fast Key Sequence" to perform a Loop Test, Analog Output Trim, or 
Sensor Trim. See the 3051 reference manual for additional information. 

Five-Yeai1J Proof-Test 
Conducting an analog output Loop Test satisfies the proof test requirements and will 
detect more than 52% of DU failures not detected by the 3051 C or 3051 L automatic 
diagnostics, and more than 62% of DU failures not detected by the 3051T automatic 
diagnostics. 

Required tools: HART hosUcommunrcator and rnA meter. 

1. 
2. 
3. 

On HART hosUcommunicator enter the Fast Key Sequence 1, 2, 2. 
Select "4 Other." 
Enter the milliampere value representing a high alarm state. 

4. 
5. 

Check the reference meter to verify the rnA output corresponds to the entered value. 
Enter the milliampere value representing a low alarm state . 

6. 
7. 

Check the reference meter to verify the rnA output corresponds to the entered value. 
Document the test results per your requirements. 

Ten- Year Proof-Test 
This proof test, when combined with the Five-Year Proof-Test, will detect over 92% of DU 
failures not detected by the 3051C or 3051 L automatic diagnostics, and over 95% of DU 
failures not detected by the 3051T automatic d1agnost1cs. 

Required tools: HART hosUcommunicator and pressure calibration equipment. 

1. Perform a minimum two point sensor calibration check using the 4-20mA range points 
as the calibration points. 

2. Check the reference rnA meter to verify the rnA output corresponds to the pressure 
1nput value. 

3. If necessary, use one of the "Trim" procedures available in the 3051 reference manual 
to calibrate. 

4. Document the test results per your requirements. 

NOTE 
The user determines the proof-test requirements for impulse piping. 

Visual Inspection 

Not required. 

(1) May be a longer proof test interval as justified by PFDavg calculation 
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Special Tools 

Not required. 

Product Repair 

Quick Installation Guide 
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All failures detected by the transmitter diagnostics or by the proof-test must be reported. 
Feedback can be submitted electronically at 
www emersonprocess comlrosemountlsafetylcerttechdocumentation.htm. 

The 3051 is repairable by major component replacement. Follow the instructions in the 
3051 reference manual (document number 00809-0100-4051) for additional information 

Reference 
Certification 

The 3051 SIS was designed, developed, and audited to be compliant to IEC 61508 Safety 
certified SIL 2 Claim Limit. 

Specifications 

The 3051 SIS must be operated in accordance to the functional and performance 
specifications provided in the 3051 reference manual. 

Failure Rate Data 

The FMEDA report includes failure rates and common cause Beta factor estimates. 
Contact your Emerson Process Management representative to obtain a copy 

3051 SIS Safety Failure Values 

Safety accuracy: 2.0%<1> 

Safety response time: 1.5 second 

Product life 

50 years- based on worst case component wear-out mechanisms- not based on wear-out 
process wetted matenals 

(1) A 2% variation of the transmttter mA output ts snowed before a safety tnp. Tnp values in the DCS or safety 
logic solver should be derated by 2% 
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PRODUCT CERTIFICATIONS 

Approved Manufacturing Locations 
Emerson Process Management- Rosemount Inc -Chanhassen, Mmnesota, USA 
Emerson Process Management Wessling, Germany 
Emerson Process Management As1a Pac1fic Pnvate L1m1ted - S1ngapore 
Emerson Process Management- Bei]mg, Ch1na 
Emerson Process Management- Daman. India 
Emerson Process Management- Sorocaba, Braz11 

European Directive Information 
The EC declaration of confonmity can be found on page 22. The most recent revision can 
be found at www.emersonprocess.com. 

Ordinary Locatton Certification for Factory Mutual 
As standard, the transmitter has been examined and tested to determine that the des1gn 
meets basic electncal, mechanical, and fire protection requirements by FM, a nationally 
recognized testing laboratory (NRTL) as accredited by the Federal Occupational Safety 
and Health Administration (OSHA). 

Hazardous Locations Certifications 
North American Certifications 

Factory Mutual (FM) 

ES ExplosJon-Prooffor Class I, Division 1, Groups B, C, and D. Dust-Ignition-Proof for 
Class II, Division 1, Groups E. F, and G. Dust-Ignition-Proof for Class Ill, Div1s1on 1. 
TS (Ta = 85 "C), Factory Sealed, Enclosure Type 4x 

15 lntnnsically Safe for use in Class I, D1v1sion 1, Groups A, B, C, and D; Class II, 
Division 1, Groups E, F, and G; Class Ill, Division 1 when connected per Rosemount 
drawmg 03031-1019; Non-incendive for Class I, Div1s1on 2, Groups A, B. C, and D. 
Temperature Code:T4 (Ta = 70 •q, T5 (Ta = 40 •q, 
Enclosure Type 4x 
For input parameters see control drawing 03031-1019. 

Canadtan Standards Association (CSA) 
All CSA hazardous approved transmitters are certified per ANSIIISA 12.27.01-2003. 

E6 Explosion-Proof for Class I, Division 1, Groups B. C, and D. Dust-Ignition-Proof for 
Class II and Class Ill, Division 1, Groups E. F, and G Suitable for Class I. Division 2 
Groups A, B, C, and D. Enclosure Type 4X, factory sealed; Single Seal Class I Zone 
1 Ex d IIC TS. 

C6 Explosion-Proof and Intrinsically Safe approval Intrinsically Safe for Class I, Division 
1, Groups A, B, C, and D when connected in accordance with Rosemount drawings 
03031-1024. Temperature Code T3C, Single Seal. 
Explosion-Proof for Class I, Divis1on 1, Groups B, C, and D. Dust-lgnition-Prooffor 
Class II and Class Ill, Division 1, Groups E, F. and G. Suitable for Class I, Division 2 
Groups A, B, C, and D hazardous locations Enclosure type 4X, factory sealed, Single 
Seal. 

17 
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European Certifications 

11 ATEX Intrinsic Safety and Dust 
Certification No .. BAS 97ATEX1089X@ 111 GO 
Ex ia IIC T 4 (Tamb = -60 to + 70 ·c) 
Ex tD A20 T80 •c (Tamb -20 to 40 •c) IP66/IP68 

C€ 118o 

ATEX 11 Input Parameters 
U,= 30 V 
11 = 200 rnA 
P1=0.9W 
C, = 0.0121JF 
~= 0.0 

Special Conditions for Safe Use (X): 
When the optional transient protect1on terminal block is installed, the apparatus is not 
capable of withstanding the 500V insulation test required by Clause 6.3. 12 of 
EN60079-11 This must be taken 1nto account when installing the apparatus. 

N1 ATEX Non-incendive/Type n and Dust 
Certification No.: BAS OOATEX3105X @II 3 GD 

Ex nL IIC T5 (Tamb = -40 to + 70 •q 

18 

u, = 42.4 Vdc max 
Ex tO A22 T80 ·c (Tamb = -20 to 40 ·c) IP6611P68 

C€ 
Special Conditions for Safe Use (X): 
When the optional transient protection terminal block is installed, the apparatus is not 
capable of withstanding a 500V r.m.s. by Clause 6.8.1 of EN60079-15 test to case. 
This must be taken into account on any installation in which 11 is used, for example by 
assuring that the supply to the apparatus 1s galvanically Isolated. 

• 
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EB ATEX Flameproof and Dust 
Certrficatton No .. KEMA OOATEX2013X@ 111/2 GO 

Ex d IIC T6 (Tamb = -50 to 65 °C) 
Ex d IIC T5 (Tamb = -50 to 80 °C) 
Ex tD A20/A21 T90 oc, IP66/IP68 
C E 118o 

Vmax = 42 4 V de 
Special Conditions for Safe Use (X): 

Rosemount 3051 

This device contams a thin wall diaphragm. lnstallalion, maintenance, and use shall 
take into account the environmental condilions to which the diaphragm will be 
subjected The manufacturer's instruclions for installation and mamtenance shall be 
followed in detail to assure safety during its expected lifetime 

Japanese Certifications 

Approvals pending, consult factory for availability. 
E4 TIIS Flameproof 

Ex d IIC T6 

Certificate Descnption 

TC18213 
TC18214 
TC18215 
TC18216 
TC18217 
TC18218 
TC18219 

3051CD/CG/L 4-20mA HART (with meter) 
3051CD/CG/L 4-20 mA HART (no meter) 
3051CA 4-20mA HART (with meter) 
3051 CA 4-20 mA HART (no meter) 
3051 T 4-20mA HART (wtth meter) 
3051T 4-20 mA HART (no meter) 
3051 CD/CG/L 4-20mA HART (w1th meter), Dual Housing 

14 TIIS Intrinsic Safety 
Pendtng 
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Australian Certifications 

17 SAA Intrinsic Safety 
Certification No.: AUS EX 1249X 

Ex ia IIC T4 (Tamb = 70 "C) 
Ex ia I 
IP66 
When connected per Rosemount drawing 03031-1026 
Special Conditions for Safe Use (X): 
The apparatus may only be used with a passive current limited power source Intrinsic 
Safety application. The power source must be such that Po~ (Uo • lo) /4. 

Modules using transient protection in the terminal assembly (T1 trans1ent protection 
models) the apparatus enclosure is to be electrically bonded to the protective earth 
The conductor used for the connection shall be equivalent to a copper conductor of 4 
mm2 minimum cross-sectional area. 

It is a condition of safe use that the following parameters are to be taken into account 
for lnstrinsic Safety Applications. 

SAA Approved Input Parameters 
U1 = 30 v 
11 = 200 mA 
1, = 160 mA (Option Code T1) 
P; =09W 
C; = 0.01 IJF (Output Code A) 
L, = 10 IJH 
L1 = 1 ,05 mH (Output Code A with T1) 

E7 SAA Flame-Proof and Dust 
Certification No.: AUS Ex 03.1347X 

Ex d IIC T6 (Tamb = 40 "C) 

20 

Ex d IIC T5 (Tamb = 80 "C) 
DIP A21 T6 (Tamb = 40 "C) 
DIP A21 T5 (Tamb = 80 "C) 
IP66 

Special Conditions for Safe Use (X): 
It is a condition of safe use for transmitter enclosures having cable entry thread other 
than metric conduit thread that the equipment be utilized w1th an appropriate certified 
thread adaptor or cable gland. 
It is a condition of safe use, where only one entry is used for connection to external 
circuits, that the unused entry shall be closed by means of the blanking plug supplied 
by the manufacturer or a suitable certified blanking plug. 
It is a condition of safe use that the irrelevant explos1on protection marking code shall 
be permanently scribed off the certification markmg label upon completion of 
comm1ss1oning, where the equipment is supplied with a certification marking label 
showing more than one explosion protection marking code. 

• 
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N7 SAA Type n (Non-sparking) 
Certification No .. AUS EX 1249X 
Ex n IIC T4 (Tamb = 70 oC) I T5 
IP66 
Special Conditions for Safe Use (X): 

Rosemount 3051 

Where the equ1pment is installed such that there is an unused conduit entry, it must 
be sealed with a suitable blanking plug to maintain the IP66 degree of protection. Any 
blankmg plug used with the equipment shall be of a type which requires the use of a 
tool to effect its removal 

lnmetro Certifications 

E2 Flame-Proof 
BR-Ex d IIC T6/T5 

12 lntnnsic Safety 
BR-Ex ia IIC T4 

China (NEPSI) Certifications 

E3 Flame-Proof and Oust 
Certificate No: GY J091065X 
Ex d IIC T5/T6 

13 

OIP A21 TA T90 oc 
IP66 
Special Conditions for Safe Use (X): 
The symbol "X" placed after the certificate number indicates spec1al conditions for 
safe use, that is the transmitter contains a thin wall diaphragm. Installation 
maintenance and use shall not only take into account the environmental conditions 
but also follow the manufacturer's mstruct1ons. 
lntnnsic Safety 
Certificate No.· GYJ091066X 
Ex ia IIC T4/T5 
OIP A21 TA T80 oc 
Special Conditions for Safe Use (X): 

The symbol "X" placed after the certificate number Indicates special conditions for 
safe use, that is the transmitter contains a thin wall diaphragm. Installation 
maintenance and use shall not only take into account the environmental conditions 
but also follow the manufacturer's Instructions. 

Combinations of Certifications 

Stainless steel certification tag is provided when optional approval is specified. Once a 
device labeled with multiple approval types is installed, it should not be reinstalled us1ng 
any other approval types. Permanently scratch off or mark unused approval types on the 
approval label 

K5 E5 and 15 combination 
KB K5 and C6 combination 
K6 C6, 11, and ES combination 
KS ES and 11 combination 
K7 E7, 17, and N7 combination 

KD K5, C6, 11, andES combination 

21 



Rosemount 3051 

Quick Installation Guide 
00825-0100-4051, Rev BA 

June 2009 

22 

;ROSEMOUNt' 
i 

EC Declaration of Conformity 
!'llo: Rl"ID 1017 Rn-. L 

RlM-IIft. 
S%00 ~lllflw:l Dolll•nrd 
O••b•n<:"' MN SSJI"'...aS 

<k+:.Z.¥....J..r,,..,.mkrr>JI"''''~Joildrllwttt..-~. 

Models 3051 & 3001 Prnsure Tnuumitt~n 

~~.oru~-··· .... 1:111111 ,.~ llri•~ 
l'.dm l'nlri<,M.'\ ~ 
tSA 

..mo~ 112lllll ~·LuwtllO«i.,. o!Nil 
l:tw.hauta. MS !!ll1~ 
llN4 

m .. ~rt<lttl>i• JrtldruliMtfllmt~ t• "'''"'*"""t> ••lit rhr l""""';m' i(r!N b•<!J'(I)!I 
('_,.,.,..!ft. ().w-rlh .. •. bJ;:lwf~~W:fiorl-•t ""'-~ us •ilt>w" In llr# ,-,::m:ftnf ~dl~4u/, 

·'"""9'1'""' <'/ ~ n /:liw:J .,.jfu, upp/AJ."alkNJ 11f lilt barwuu:r.J 1mttJi6.b ll<lld. •lwn 
~w~!•"' ~,...J, "f""F...,.c;,.,.,.,..,Jil ...-""'"" &*Nr•lflt.l11•"' "' ,J>,,.., ~to .tw 
..,, ....... .g lih~Jo!r 

• 

• 

• 



• 

• 

• 

Quick Installation Guide 
00825-0100-4051, Rev BA 
June 2009 

EC Dednration orConformi~· 
-~o; RMD 1017 Rn·.l. 

t.\!C ,nlrtc_lin (100411 Q&I£C) 

Ml MIM!<h lOS I ••If JOOI htm!n .T""""'lt-'"' 
t~ MJ26 1997 Wllh Amc..Jmrnu AI, AZ l<:ld A.l 

,\l..,.h.W.llC .... r liDSIC"Gl.J, (, S; -ICDl..J,.O, 5(-lrltt ,.,_II 

Rosemount 3051 

,J:elfiPt, ,, .. ~:mtUGl.,_ ._,, ~ll'm,J; uoJ )O~If'f<l. .J.-4,1 ,_,.,. Trwnomlttm; 
· QS('mlfiuto<#Aut"""""·liC:So i'U~I~IOO 
·~o:.IICunll:amit}'JI-· 

M!ud.tr ......,.. )OSI.IJNJ ......... ,. n.,....;mn.. 
Scun.lln;;~l'!oal<o 

T"'oomloi<T AiicbiR....., l~,q,.S...I· Pnona "'-• Moulfdd 

~f·~-

ATEX Oir«tlu1941'911-:C) 

'llodd ~ltJOOI rn-..- Tro...,.lnn-. ..-liiiA-:llmAfllon o.iljnd 

c.,..,..;..,, IIA~•~<t\lfliiW~X 
lmll!l>~ :l&fr -~II Catqi") I U 

' f.>.urn::TS(Ta~'C"'•~II'Ct 
ll• "oc liffa-.6(1'(; .. •?ll'q 
bID A.:m l'NIX' flmb ·:tn: ID Wt:) 

IU....,nmiSimdlllhllmt . 
L>;MJm\14)<2006, I:NGOOl'iM L= 

(hha-·l:wi 
IL'<!O!JI-l-1! 1'09$ • ~I 

Cmitk= tiASOOA. ll:XJUBX 
r,l" .. ""' Olnl-u_.u c~ ,-.. ,,. 
- £i oil oliDC 1~• --w-e"' • 'III'CI 

F.a 1t:1 AZ~ Tlll'C (T =I) ~O'C "'<O'f..1 
l~g~L"'<J!",'v 

F.NtoOO~..:I!lO.. f;'lu'lii~IS~ 
t:!-.h!:J-lbl.:td' . . ' 

l;s!lt'll-l-lc l""t•AI 

23 



Rosemount 3051 

24 

ROSEMOUNr 
EC Declarntion ufConrormjty 

No: R~tD 1017 Re\', L 

!'mi'lol~' llM!IlA1t:J\!l~iX 
ltmmtilo:lr sm • Gmop U C..:c.,., ! Gil 

t> illlt n(.6;Y('~ T• ::o •61i'Ct 
u ttl A~O fla'C (1'amlt -~17'C "'.urq 

1Lant1~1nd Sromkd> Uwd. 
tl>W07~:;;ooli; 11i'611019·11:200?. 

oc... StarulirJ• o .. .~: 
151(~81·l·I'IY!l8•AI 

c..t~r.mo. u~~At!:llllHi~ 
l)~nm.:!!);ffi·O""'PIJ~~JOD 

f .. M ,J. nrn(hoo,4fi"Cm •1\l'~i 
&tll hlln~tT- rr-.~>-:o'\' h>•ll'b 

lltomJI'Itilal Slarul.rdt lliad. 
l.'i600~.:006; n.:t-IXI?'l-lU005 

o.Mr~t:u-4 
t:~~l-1·!. am~AI 

C<~~U"=-I<I:w.oPA rrx:~nx 
HI::lfji!OIIr • Of<J14> II~ t'Z GD 

[~~ IIC'flll.W"C!:T•:, •I!O'C) 
F.>. :0 1\:\liAll ~ (,j{)'(.' "'io ( •60'C"1 

I!Jrtoon!Rd SIJlWIJI> 1!10!4 
r:~'i'l.O.ZIIO& U>W019-I::OOI, t~~· IWO 

Od!or SI.Rim!IIJ~ 
J,s:oom.J.:· 19118" AI 

Quick Installation Guide 
00825-0100-4051, Rev BA 

June 2009 

CE 

• 

• 

• 



• 

• 

• 

Quick Installation Guide 
00825-0100-4051, Rev BA 
June 2009 Rosemount 3051 

·Pim So1lficd Bod)• 

EC D«:larafion_ofConformity 
No: RMD l0l7 Rl:'\·. L 

lid s<n.~or \'<riw{U:'ii\'IIS<t~irm~ fl.M)' Nm>bw; Qj11J 
Vf'rilu,.-ciet 1~ N•U:C' ' ' , 
lim<ll;-~-· 

CE: 

ATEX ~~tificd Bodies for £ff;;;~ml~al!u;-~---~ · 
KE~J\ d~t~Mi p;o!l(ml &d) t.._..· O:>U! 
lllto:tot.-..-,.JIQ, t.l:.ll "It -.fl 
ll',u.n..~ 51~. 6800 (10 ...,,_ 
Th< l'<!bori&....O 
Pt'r>1"""''6~rt 

o..-ti.J~Ifk,S !l<od} l"un•l!<:r: l I lnJ 
R~IIWm;,f'm 
1il4<lto:tt.aM 
Rll\l<l!t. Dab}-..l:i:m 
li._ 17 ~RZ Uniml K~.\l>lnm 

:A n::t"ri;;tiii~ Body ror Quall1y Au,;;;~~~;~·~-----~----·· 
~ r·.:<J(aw llody sumtw:r .1 u111 
l!«~b<o.\1 Rm!ntss J>srt..· 
~1.-
ll~Nin. !:lc:rl>)•h"" 
:»: 11llii.Z l!,.lmlltinl¢llm 

25 



Rosemount 3051 

NOTES 

26 

Quick Installation Gu'd 
00825-0100-4051 R I e • evBA 

June 2009 

• 

• 

• 



• 

• 

• 

Quick Installation Guide 
00825-0100-4051, Rev BA 
June 2009 

NOTES 

Rosemount 3051 

27 



Rosemount 3051 

28 

Quick Installation Guide 
00825-0100-4051, Rev BA 

June 2009 

• 

• 

• 



• 

• 

FT 400-Series 
FLOW COMPUTER 
INSTRUCTIONS 

• FT415 
• FT420 

The Leader in Flow Meter Value 
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GENERAL INFORMATION 

The FT400-Series flow computers are microcontroller-based 
indicator /transmitters that display flow rate and total and 
provide output signals. The FT415 is battery-powered and 
provides a scalable pulse output. The FT420 is powered 
by external DC voltage and has both pulse and 4-20 mA 
analog outputs. The FT420 is a "two-wire" or "loop-powered" 
device, meaning that the 4-20 rnA output signal doubles 
as its power supply. 

The addition of a dual-relay output board FT420 only allows 
for certain applications requiring contact output isolation 
(e.g., certain metering pumps and water treatment controls). 
Dual solid state relays provide exactly the same pulse out
put as the standard un1t, and each can signal one external 
device. A non-resettable total is also available. The FT420 
can be ordered in a plastic enclosure with a 115 Vac power 

FEATURES 

Cover Screws 

supply for use with mechanical meters, or with a built-in 
115 Vac/12-24 Vdc dual power supply for magmeters. 

Both the FT415 and the FT420 can be factory-mounted on 
the meter (-M) or remotely wall mounted with the brackets 
provided (-W). The FT420 is also available as a panel mount 
(-P) with an open back for easy installation in the user's 
own electrical enclosure. Most FT400's can be converted 
from wall-to-meter or meter-to-wall mount configurations 
after installation if needed. 

Housings for the -W and -M models are rugged cast alu
minum, potted and gasketed for maximum environmental 
protection. A membrane keypad allows settings to be 
changed without removing the cover. (Password protection, 
a standard feature, can be used to prevent settings from 
being changed.) 

Electronics Module -----------... ... 

Display ---------------l! 

Setting Keys* ------------.=! 

Wall-Mount Brackets -----------

Lower Housing------------

Strain Relief--------------.:::;;.; 

SPECIFICATIONS* FT415 

Power Lithium "C", 3.6 Vdc, replaceable, 3-5 year l1fe 

Display Rate 6-d1git autorange, 1/2" character height 

Total 8-digit, 5/16" character height 

*Includes password protection for 
tamper prevention when needed 

FT420 

12-30 Vdc, 4mA (4-20 mA when loop-powered) 

6-d1g1t autorange, 1/2" character he1ght 

8-d1g1t, 5/16" character he1ght 

Outputs Current Sinking Scaled Pulse output (0.1 sec durat1on 6.1 Hz max) or High Alarm output or Low Alarm output 

Sensor pass-through Pulse output (unsealed) 

Analog None 4-20 mA loop; 24-30 Vdc 

Pulse Output Range 0.1- 9999999.9 un1tsjpulse 0.1- 9999999.9 un1tsjpulse 

Input M1cropower GMR Sensor (square wave) 5V pulse or contact closure 

Input Range 1.0 - 150 pulses/second 1.0- 1,500 pulses/second 

K-Factor Range .001 . 99999.999 .001- 99999.999 

Flow Alarm Output Range .01- 999999.99 .01- 999999.99 

Operating Temperature -30' to 65' C (-22' to 148' F) -30' to 65' C (-22' to 148' F) 

Environmental NEMA 4X, IP66 NEMA 4X, IP66 

EMC CE EN 61000 CE EN 61000 

•spec1ftcattons subject to change • Please consult our website for current data (www.seametncs.com). 

Page 1 



INSTALLATION 

Wall Mount. To mount an FT400-Series indicator to the 

wall, hold the unit in the desired position, mark the holes 

in the mounting feet, dnll and mount with screws. With the 

FT420W-65 option, f1rst remove the front cover to gain ac

cess to the mounting screw holes. 

A meter-mounted FT 400-Series can be converted to a wall 

mount using an MK20 mounting kit. 

Meter Mount. If the FT 400-Series indicator was ordered as 

an -M model, the housing is already directly mounted to the 

flow sensor and needs no further installation. 

An FT400-Series module can be converted from a wall-to 

a meter-mount using the MK10 adapter kit that includes a 

lower housing and associated hardware as follows: 

1) Remove the stra1n relief through which the flow sensor 

cable runs. 

2) Cut the cable to about 6" in length. Carefully strip the 

cable jacket to expose the three colored wires (red, 

white, and black) inside. 

3) Route the w1res through the threaded connector 

pre-installed in the bottom of the housing. 

4) Start the threaded connector into the female thread on 

the top of the flow sensor. Be sure to match the 

oblong shape on the bottom of the housing to the 

depression on the top of the flow sensor. 

5) Using an ordinary screwdriver inserted in one side of 

the slot (see drawing), tighten the screw as much as 

possible. 

6) Strip the wire ends, make the connections to the 

FT400-Series indicator as shown in Connections 

Diagrams, and then use the cover screws to attach the 

indicator to the top of the housing. 

Panel Mount (FT420 Only). Using the "Panel Cutout" draw

ing as a guide, cut a square hole in the panel. Remove 

the clamps from the back of the FT420P and insert the 

indicator unit through the cutout, taking care that the panel 

sealing gasket is in place between the front of the panel 

and the flange of the indicator. Hold the indicator in place 

while starting the screw of one of the two clamps. Rnger 

tighten the screw, then install the other clamp. When both 

are in place, firmly tighten the clamps with a small wrench 

or nut driver. 
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INSTALLATION 

Connections. To connect the FT400-Series flow computer 

to a flow sensor or an external device such as a chemical 

metering pump, follow the Standard Connections diagrams 

on pages 4-6. 

If the FT420's 4-20 rnA current signal is not required, 

connect the power terminals to any 12-30 Vdc voltage 

source. 

Dual Relay Output (Option -98). If you purchase the FT 420 

with option 98, the required component will come prein

stalled, and no extra procedures are required. 

If you are retrofitting an ex1st1ng mstallat1on of an FT420 

with the dual relay board, please follow the instructions 

below: 

1) Peel the backing off of the double-stick tape and affix 

it to the bottom of the relay board (part #30221). 

2) Carefully attach the board to the FT420 as shown in 

the FT420-98 Connection diagram on page 5. Be sure 

that the red wire faces the "Sensor Input" side of the 

FT420, and that the white wire faces the "Pulse 

Output" side. 

3) Connect the white wire to the "Pulse Scaled" positive 

terminal, and the red wire to the "Power 4-20 rnA" 

positive terminal. 

4) Connect devices to the relays as desired. 

-98 Relay Board Specifications 

Output Voltage I 0-130 VAC/DC 

Output Current (each output) 

Input Voltage 50'C 85'C 

Current Limit 100 rnA 50 rnA 

Max Pulses/Second 5 

Contact Time Per Output 100 ms 

ill 
Caution: If output is being used to 
control an external device, such as a 
metering pump, do not connect the de
vice until programming is completed. 
If malfunction or incorrect program
ming of the output could cause per

sonal injury or property damage, separate safeguards 
must be installed to prevent such injury or damage. 
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CONNECTION DIAGRAMS 

FT415 Standard Connections 

li\ Caution: Do not apply 
[D external power to the FT 415. 

Micropower 
Sensor 

= 

Battery Type: 
Lithium "C, 3V, replaceable 

0 0 

Connections for FT420/3-Wire Mechanical Meter 

3-Wire 
Mechanical 

Meter 

4-20 mA Dev1ce 

Connections for FT420-65 (115 Vac Option) 

I 

rnJ 
POWER 
4·20 mA 

FT420 
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I~~ IDCOUT 

Lower Housing 

Pulse Responsive 
Metering Pump 

@ 

0 

(Passes flow 
sensor pulse on 
to another control 
without scalmg) 

115 Vac 

Electronic 
Metering Pump 

Current sink1ng 
polarity-sensitive 

Pulse Respons1ve 
Metering Pump 

(Passes flow sensor 
'------ pulse on to another 

control without 
scaling) 

f< 'c ~ <Z> ~~ 
~ 
0 
c z 

ACIN 0 
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CONNECTION DIAGRAMS 

Connections for FT420-98 (Dual Relay Output Option) 

Flow Sensor 

12-32 Vdc 
Loop Power Supply 

Connections for FT420/EX Magmeter 

NOTE: Outputs may be paralleled 
to switch up to 200 mA AC/DC 

I 
red 
wtre 

Relay So~ 
while/ b 
wtre ww 

CJ)...J 
...J< 
::1(.) 
O...Cil 

M 24 Vdc Power~ 

Power+ 

Forward Output + 

Reverse Output 
(EX Opt-15 only) 

E 

r--

0 
0 

r----
0 
0 

r----(7\ l 

~ 
X SERIES 

Sensor 
Input 
-
0 + 

0 s 
0 -

-
-
0 + 
0 ---Power 

4-20mA 

Isolated Contact 

L----- (Passes flow sensor 
pulse on to another 
control without 
scaling) 

FT420 

Pulse 
Scaled 
,--

+ 0 
- 0 

r----
+ 0 
- 0 

'------

Pulse 
Pass-Thru 

To 
Proportional 

Feed 
Metering 

Pump 
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CONNECTION DIAGRAMS 

FT 420 Display with 4-20 mA Output 

When running the FT420 with a magmeter (which requires power), the FT420 must be connected to two power supplies, one for the 
magmeter and one for the 4-20 mA loop_ You may either use a dual power supply (available from SeaMetncs as the PC42), or two 
s1ngle power supplies (one of wh1ch may be the 4-20 mA loop Itself)_ See diagrams below_ 

Caution: Important! Do not connect power to the power supply until all connections have 
been made and confirmed correct, and the cover has been put back into place_ 

FT420/4-20 mA Output with Two Separate Power Supplies 

Power 

Forward Output 

Reverse Output 
(Optlon-15 only) 

EX-SERIES 

+ 

4-20 mA Device 
(e_g_ pump, PLC) 

Sensor 
Input 

+ 
s 

Pulse 
Scaled 

+~ - 0 
+ 0 
- 0 

Pulse 
Pass-Thru 

FT420 

FT420/4-20 mA Output with PC42 Dual Power Supplies 

Caution: It is essential for safety and proper operation to use a ground connection for the 
115 Vac power_ Do not use this power supply without proper grounding. 

Or-----------------~0 
PC42 

Dual Power Supply 
FT420 

Display Module 

Earth o o 
Ground <C <C y 

12V 24V 
- +- + 

le s 0 sl 
I I I I 

.------____,1 I J 
/I 

r---

:- -r---_-_-_-_-_-_-_-_--+-_-+-_-lr----;~rzl ~ } Power Input 

! r-------- f-- -~ ~ } Sensor Input 
I -

: (N/C) 0 + 
___ J 

0 o'---------------~o 

L---
4-20 rnA I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Device I 
(e.g. pump, PLC) I 

L1E_O_~~~-----' 
EX-Series 
Mag meter 

r----;:---
L~~~-M~~---------------1 -------- _,; ~ } Power Input 

I .... +} Pre-wired power cord 1__________ ;. _ Pulse Output 
Replace if requ1red ~ 

115 Vac, 50/60Hz (N/C) ~ 

(N/C) ~ 
f----
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(QUICK) SETTINGS 

QUICK SETTINGS OVERVIEW 

See following page for step-by-step Instructions on changing these settings 

PRESS 

MIN 

DISPLAY 

0.00 
209.8 

RESET 

START UP DISPLAY 

00001.000 
SETK 

0000010.0 
SETP 

0001000.0 
SET20 

d 
209.8 

MIN 

Large d1g1ts display Instantaneous flow rate (GPM). 

Small digits display total flow (since last reset). 

K is the number of pulses the flow sensor provides 

for every gallon of flow. Find it on the fitting 

(80-Series) or chart (100/200-Series) or on the 

SeaMetrics website. 

P is the number of gallons per pulse des1red on the 

scalable pulse output. (Example: P=1 IS one pulse 

per gallon.) Skip without changing if you are not 

us1ng the pulse output. 

20 IS the 20 mA maximum analog output. Set the 
flow rate you want to match maximum output. 
Example: 250 gpm max1mum expected flow, "set 
20" to 250. The analog output will scale to 4 mA 
at zero flow, 20 mA at 250 gpm *. This setting appears 

on the FT420 ONLY. 

d is the decimal point. It toggles back and forth 

With the a. Set as many decimal places as 

needed. For h1gher flows, no decimal allows 

maximum number of whole digits. 

MIN is the t1me base, for example, gallons per 

minute. Use the la)to select sec/min/hour/day. 

*NOTE: Use the up arrow key to reach your des1red diQII. Then press the left arrow key to move 
to the next d1g1t. Repeat the process until the entire number is entered . 
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SETIINGS 

K-FACTOR 

At a minimum, every FT 400-Series flow computer must 

be programmed with the "K-factor". (This is the number 

of pulses that the meter produces per gallon of flow.) If 

you wish the FT400 to read in units other than gallons, 

see below. 

The K-factor on any SeaMetrics flow sensor fitting or 

in-line meter can be found on the model-serial label. 

The line reading K = xxxx gives the desired number. For 

depth-adjustable sensors (101,201,115,215 models), 

look in the instruction manual under your pipe size. For 

EX meters, use the calculator on our website. 

80-Serles 
Fixed Depth Meter 

Find Your K-Factor Here 

READING IN OTHER UNITS 

Changing Volume Units. The default K-factor units are 

pulses per gallon. To read your total in metric or other 

units instead, the standard K-factor must be converted 

to the desired volume units. For example, to read in 

pulses per liter, the K-factor must be multiplied by the 

applicable number shown below. 

NOTE: Both rate & total will read In whatever units you choose. 

To Convert K to: Multiply by: 

Liters .26418 

Cubic Meters 264.18 

Ruid Ounces .0078 

Cubic Feet 7.48 

Changing Time Units: To read your rate in liters per sec

ond (for example), convert the K-factor volume units as 

shown above and change the time units to Seconds, 

using the Set Time Unit instructions at right. 

Page 8 

Set K. Begin by press1ng the SET key once. The prompt SET 
K should appear on the display. The dig1t to the far right will 
be blinking. Use the up arrow key to reach your desired value. 
Then press the left arrow key to move to the next digit. Repeat 
the process until the ent1re number IS entered. (Note that the 
decimal is fixed at three places. If you only have two dec1mal 
places for your K-factor, enter a zero for the third digit.) Press 
SET to advance. (Note: If unable to set K-factor, the unit is 
"locked" to prevent tampering. Please contact your Distributor 
for assistance.) 

Set P/Fiow Alarm. FT420 only. At this screen you may select 
between pulse output (P) or flow alarm (A) functions. If the pulse 
output and flow alarm features are not being used, this step 
can be skipped. The P (pulse output) setting does not affect 
anything if it is not being used. 

Set Pis the default that appears on a new FT400-Series. On 
an FT 400 that has been previously set up with flow alarm func
tion, an A will appear on this screen. To move between P and 
A screens, firmly press all three keys for 5-10 seconds, then 
use the up arrow to scroll through the three options: P, AL HI 
(high flow alarm) and AL LO (low flow alarm). 

Set P. From this screen, follow the same process as for Set 
K to enter the desired pulse rate. This is the number of gal
lons (or whatever units are programmed) between pulses . 
(Note: Using the pulse output function disables the high and 
low flow alarm functions.) (6.1 Hz max output) 

Set Flow Alarm. From the A screen, use the up arrow key 
to choose e1ther AL HI orAL LO and then press the SET key 
to set the alarm rate. Use the up arrow and left arrow as 
above to reach the desired digits. (Note: Using the flow alarm 
function disables the pulse output function.) 

Set 20 mA (FT420 Only). Press the SET key to advance to 
SET 20, to set the flow rate, in volume units per time unit, 
at which 20 rnA is des1red. Use the up arrow key to reach 
your desired value. Then press the left arrow key to move to 
the next digit. Repeat the process until the entire number is 
entered. The processor will automatically scale the 4-20 rnA 
loop accordingly, with 4 rnA at zero flow. 

Set Decimal Point. Press the SET key again for the D prompt. 
Pressmg the up arrow key switches among no decimal place, 
one decimal place and two decimal places. 

Set Time Unit. When the SET key is pressed again, 
a blinking time unit appears. Press the up arrow key 
to select SEC (seconds), MIN (minutes), HR (hours) or 
DAY (days) (for example, galjmin, or galjhr). 

To return to normal operation after entering settings, press 
SET again. When the unit IS connected to an operating flow 
sensor, the rate (larger digits) and total (smaller digits) indica
tor numbers should appear in the display. 

• 

• 

• 
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OPERATION 

Resettable/Non-Resettable Totalizer. Unless the unit has Operation of the Pulse Output. If the pulse output is being 

been ordered with the non-reset option, a RESET prompt is used (either standard electronic or relay-type), it should 

visible in the lower right corner above the up arrow key, when pulse for 0.1 second every time the set number of gallons 

the display is in use. Press the up arrow key at any time has been totalized. If a pulse-responsive metering pump 

to reset the totalizer to zero. (Note: If you need to reset a is properly connected to this output, it should stroke peri

unit that has been ordered with a non-resettable totalizer, odically. If this does not occur, see Troubleshooting, back 

contact your distributor.) page. 

• 

• 

'>L 

·~ "" "" 

II 

• 

1234.1 
123456.7 

RESET 

a D 
• 

This key resets total to zero 
when In normal run mode. 

CAUTION: Do not touch up Arrow button 
.. unless you intend to RESET Total to 
U Zero. TOTAL IS NOT RECOVERABLE. 

Operation of 4-20 mA Output (FT420 Only). If the 4-20 mA 

output is in use and is correctly connected, the signal should 

vary between 4 mA and 20 mA in proportion to the flow, with 

the top flow rate set by the user (see Settings, page 8). At no 

time should the signal drop below 4 mA. A reading between 

0 and 4 mA indicates a fault of some type, typically in the 

loop power supply or the connections (see Troubleshooting, 

back page). In the rare instance that the 4-20 signal fluctu

ates excessively ("paints") it may need to be damped by 

additional averaging. Contact Seametrics for information on 

how to Increase filtering . 

FT415 Battery Change. The expected average life of 

the battery ranges between 3-5 years depending on the 

frequency of the input. The battery is easily pulled and 

replaced. When the battery is removed, all of the settings 

will be retained. 

& 
CAUTION: During a battery change, the 
totalizer will reset to a previous total, 
which represents the last auto-backup 
(auto backups occur at approximately 
4 minute intervals). If it is necessary to 

save the exact current total at the time of the battery 
change, save before removing the battery as follows: 
1) Simultaneously press the SET and up arrow keys 
2) Press SET again 
3) Again simultaneously press the SET and up arrow 

keys 
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TROUBLESHOOTING 

Problem Probable Cause Try ••. 

Display blank No power to the unit Check for minimum 12 Vdc at power 
terminals 

Short 1n sensor circUit Disconnect sensor, see 1f display returns 
(zero flow rate) 

Battery dead or loose (FT 415 only) Wiggle battery, replace if over three years old 

Display missing segments Damaged display module Contact distributor for return/replacement 

Display reading meaningless Unit's microcontroller crashed Disconnect and reconnect power, if problem 
characters repeats, contact dlstnbutor for 

return/replacement 

Battery nearly dead Replace battery if over three years old 

Display reads normally, Wrong K-factor or time base entered Enter correct K-factor from meter, fitting, or 
flow rate incorrect manual 

Display reads normally, Wrong pulse output setting Use ·set P" to correct pulse output setting 
incorrect pulse output 

Polarity reversed on pulse output terminals Reverse leads 

Display reads normally, but Wrong 20 rnA setting Use "Set 20" to correct target top flow rate 
no (or incorrect) 4-20 mA output 
(FT 420 only) 

Inadequate loop power supply voltage Check voltage (For 4-20 rnA applications, 
24 Vdc recommended) 

Polarity incorrect in 4-20 rnA loop Circuit Compare to Connections diagram 

Display reads zero when Flow sensor failed Consult flow sensor manual for how to test 
there is flow 

Break 1n flow sensor circuit Check for continuity with multi meter 

Flow sensor not battery-compatible Check flow sensor model number for 
"micropower option" 

Display reads flow rate when Long flow sensor w1re, runmng parallel to Reroute wire or change to shielded wire 
there is none power wires 

Flow sensor malfunction See flow sensor manual to check 

Row "Jitter" (osc1llat1ng slosh) reads as flow Consult factory for ·anti-jitter· setting 

SeaMetrlcs Incorporated • 19026 72nd Avenue South • Kent, Washington 98032 • USA 
(P) 253.872.0284 • (F) 253.872.0285 • 1.800.975.8153 • www.seametrlcs.com 

LT-65200063-0 
7/16109 
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PROJECT: GROUNDWATER TREATMENT PLANT 
CUSTOMER: W. A. RASIC CONSTRUCTION 
CUSTOMER JOB NO.: 
PLANT: 
LOCATION: 

1 TAG NUMBER 

2 SERVICE 

GENERAL 3 LINE NO.IVESSEL NO 

4 P&IC Number 

5 Type 

6 

~ 7 ... 
8 e& Type 

9 Eleclrolle Diameter 

BODY 10 Length 

11 BoayRatlllg 

12 

13 

14 

15 ManufaCiurer 

16 Model Number 

17 

18 Type 

19 Enclosure 

20 Output ConlaCI Raung 

21 Powerett Output Conlee! 

22 Pnmary Vollage 

RELAY 23 Seconttary vonege 

24 Temperalure Range 

25 ApprovalS 

22 

23 

24 

25 Manufi!Ciurer 

26 Mattei Number 

27 

28 Vessel 

29 Fluid 

30 

31 Sp Gr 

32 Presa.: Max I Nonnal 

SERVICE 33 Temp.· Mwc I Nonnel 

34 

35 

36 
37 

36 Aecessones 

39 

OPTIONS 40 

41 

42 

43 

44 
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1 1 
LEVEL SWITCH LOW (FLYGT) SHEET OF 
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NO. BY DATE REVISION 
A EIS 7111312008 FOR APPROVAL ! CONTRACT DATE 

REQ. P.O. 

BY I CHK'D APPR. 
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LEVEl. SWITCH 
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FLYGT 
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ANTI-SCALANT 
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Technical specification , 
ENM-1 0 Level regulator 



·, 

The simplest possible method for level control! A 
mechanical switch in a plastic casing, freely suspended 
at the desired height from its own cable. When the liquid 
level reaches the regulator, the casing will tilt and the 
mechanical switch will close or break the circuit, thereby 
starting or stopping a pump or actuating an alarm device. 
No wear, no maintenance! In sewage pumping stations, 
for ground water and drainage pumping - in fact, for 
most level control applications- the ENM-1 0 is the ideal 
solution. 

The regulator casing is made of polypropylene and the 
cable is sheathed with a special PVC compound. The 
plastic components are welded and screwed together. 
Adhesive is never used. Impurities and deposits will not 
adhere to the smooth casing. 

This level regulator is available in different versions, 
depending upon the medium in which it is to be used. As 
standard, the regulator can be obtained with 6, 13, 20, 30 
or 50 metres (20, 42, 65, 1 00 or 167 feet) of cable for liquids 
with specific density between 0.95 and 1.10 g/cm 3 ; for 
other specific densities, the regulator is only available with 
20 metres (65ft) of cable. The regulator can withstand up 
to6ooc (140°F). 

! Dimensions 

For density Regulator Diameter 
g/cm3 length mm (in) 

mm (in) 

0.65-{).80 194(7 10
/16) 100 (4) 

0.80-0.95 177 (7 ) 100 (4) 

0.95-1.10 162 (6 3/. ) 100 (4) 

1.05-1.20 142 (5 9/ 10 ) 100 (4) 

1.20-1.30 133 (5 ''· ) 100 (4) 

1.30-1.40 130 (5 2
/16 ) 100 (4) 

1.40-1.50 126 (5 ) 100 (4) 

Technical data 

Liquid temperature: 

Liquid density: 

Degree of protection: 

Interrupting capacity 
of micro switch: 

min. ooc (32°F) 
max. 60°C (140°F) 

min. 0.65 g/cm3 

max. 1.5 g/cm3 

IP68, 20 m (65 ft) 

AC, resistive load, 250V 1 OA 
AC, inductive load, 250V 3A 
cos <P = 0.5 
DC, 30V5A 

Note that local regulations may limit the voltage. 

Approvals: 

Weight: 

Materials 

Body: 
Bending relief: 
Cable: 

CSA, SEMKO, NEMKO, 
CE 
Approved according to 
EN61058 

approx. 2 kg (4.51b) for a 
standard density regulator 
with 20 m cable. 

polypropylene 
EPDMrubber 
special compound PVC or 
chlorinated polyethylene CPE 
rubber 

Colour code 

r::: 

!1 ~1 ..:.:: 
Cll i: Cll u 
:J e :J e Ill 

iii ID iii ID iii 

• 

• 
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The liquid in which level regulation is practiced most 
frequently is, of course, water. Of the millions of re
gulators in use all over the world today, it is estima
ted that nine out of ten work in water. 

However, with a float body of polypropylene, a cable 
of PVC or CPE and a bending relief of EPDM rubber, 
the ENM-10 is virtually insensitive to many aggressive 
liquids. 

The table shows how resistant the ENM-10 equipped 
with either PVC or CPE cable, is to different chemicals 
at two different temperatures. The classification is 
broken down into the following categories: 

PVC cable CPE cable 

ICidS S811S 
an 601: zn on 

168"ff 1140'fl 168"f) ll40"ff 

Acetic Acid 50% 1 2 0 0 Alum1nium Chloride 
Acetic Acid 75% 2 2 0 0 Calcium Sulphate 
Benzoic Acid 2 2 0 0 Calc1um Chloride 
Boric Acid 5% 0 - 0 0 Calcium Nilrele 
Butyric Acid 2 2 2 2 CopperChtonde 

Chromic Acid 10% 0 2 2 2 CopperSulpnate 
Citnc Acid 0 1 0 0 Ferric Chlonde 
Hydrobromic Ferrous Sulphate 
I'>.C!d5% 1 2 0 0 Magnesium Chlor•de 
Hydrochloric Potass1um Sulphate 
Acid 10% 0 1 0 1 
Hydrochlonc Potass1um N1trate 
Acid37% 1 2 0 2 Potassium 

Carbonate 
Hydrocyamc Potass1um 
Acid 10% 0 0 1 2 Brcarbonate 
Hydrofluoric 
Acid 5% 0 2 0 1 Sod1um Sulphate 
Hypochlonc Acrd 1 2 2 2 Sodium Chloride 
Male1c Acid 2 2 2 2 SodiUm Nitrate 

0 = No effect. 1 = Minor to moderate and 2 = Severe 
effect. The sign - means that information is not avai
lable. 

Keep in mind also that the density of the liquid deter
mines the bouyancy of the regulator. The ENM-10 is 
made for seven different densities. See page 2. 

Always observe local regulations: 
Take particular note of: 
• risk of fire/explosion 
• hygiene requirements 

PVC cable CPE cable SOIVIIIIIS 8lld PVC cable CPI cable 

mlsetllaDBDUS 
201: en 101: on ZO"C 611'1: 2D"C 60'C 
168'f) 1140'fl 168'f) 1141rFJ IOB'fl 114D'fl 188"FJ l140'fl 

0 0 0 0 Aceton 2 2 2 2 
0 0 0 0 Aniline 2 2 1 2 
0 0 0 0 Benzene 2 2 2 2 
0 0 0 0 Butyl Alcohol 2 2 0 1 
0 0 0 0 Carbon 

Tetrechloride 2 2 2 2 
0 0 0 0 
0 0 0 0 Chlorobenzene 2 2 2 2 
0 0 0 0 Chloroform 2 2 2 2 
0 0 0 0 Ethyl .A.Icohot 2 2 0 1 
0 0 0 0 Ethyl Ether 2 2 2 2 

Ethyl />.cetale 2 2 2 2 
0 0 0 0 

Ethylene Dichloride 2 2 2 2 
1 1 1 1 Ethylene Chlonde 2 2 2 2 

Formaldehyde 37% 1 2 0 0 
0 0 0 0 Gasoline 2 2 2 2 

Kerosene 2 2 2 2 
0 0 0 0 
0 0 0 0 Methyl Alcohol 2 2 0 0 
0 0 0 0 Methyl Ethyl Ketone 2 2 2 2 

Nilnc Acid 5% 1 1 1 1 Sod1um Bicarbonate 0 0 0 0 Methylene Chlonde 2 2 2 2 
Sodium Carbonate 0 0 0 0 Nitrobenzene 2 2 2 2 

Nitric ACid 65% 2 2 2 2 Phenol 2 2 2 2 
Oleic Ac1d 1 2 2 2 Tin Chloride 1 1 1 1 

Oxalic Acid 50% 1 1 1 2 Ztnc Sulphate 0 0 0 0 Toluene 2 2 2 2 
Phosphoric Zinc Chloride 0 0 0 0 Trichlorethylene 2 2 2 2 
Ac1d 25% 0 0 1 2 Turpentme 2 2 2 2 
Phosphoric 

ODS 
Xylene 2 2 2 2 

ACid 85% 0 0 1 2 

Sulphuric. Acrd 10% 1 2 1 z Castor Oil 1 1 1 1 Gases Sulphuric Acid 78% 2 2 2 2 Cocoanut Oil 0 - 0 2 
Tanmc Ac1d 0 0 0 0 Com Oil 2 2 2 2 
Tartaric Acid 1 1 1 1 Diesel Oil 2 2 2 2 Carbon Dioxide 0 0 0 0 

Carbon Monoxide 0 0 0 0 

Bases Linseed Oil 2 2 2 2 Chlorine (wet) 2 2 2 2 
M1nera1 Oils 2 2 2 2 Hydrogen Sulphide 0 0 1 1 

Olive Oil 1 1 1 1 Sulphur D•oxtde 
Ammonium Silicone Oils 0 0 0 0 (wet) 1 1 2 2 
Hydroxide 0 - 0 0 
Calcium Hydroxide 0 0 0 0 
Potassrum 
Hydrox1de 1 2 0 0 
Sod1um Hydroxide 1 2 0 0 

0 = No effect, 1 = Minor to moderate, 2 = Severe effect. - = No information available. 



Wiring alternative 

To conform to local regulations, 
the level regulators are normally 

"' ·--;_ connected through a transformer 
to a low-tension control circuit. 
Two regu-lators are used - one 
for starting and one for stopping. A 
third regulator can be connected if 
an alarm is required at a given 
level. Identical regulators can be 
used for all functions. 

Let the level drop ... 

The manufacturers reserve the nghtto alter 
performance specification or design without notice. 

A. Connected for emptying 
Connect the blue and black leads. 
Insulate the brown lead. 

B. Connected for filling 

Start 

. .. to the lowest permissible 
point. 

At the highest permissible 
point ... 

Connect the blue and brown leads. 
Insulate the black lead. 

The regulator will then 
react. .. 

. . . level regulator II 
reacts ... 

... so the process is 
reversed . 

... in the oppostte fashion. 

• 

• 



INDUSTRIAL AUTOMATION & PROCESS CONTROL CABLES 18.57 

UL Instrumentation Cable 
600V Tray Cables 

.ndustrial Grade Sunlight- and Oil-Resistant Jackets 

Destripti<lll 

18 AWG Pairs Stranded (19x30) Tinned Copper Conductors • Twisted Pairs 

Unshielded • PVCttlylon Insulation .. Black PVC Jacket 
E2 1000 3M.S 43.0 195 .041l i.22 .275 6.99 222 '75 sus 

OveJ'all Befdfoir' Shield {1000~ Coverage} • PVC/Nylon Insulation .. Black PVC Jacket 
9341 E2 500 152.4 22.0 100 .048 1.2:2 .276 7.01 280 2]5 69.65 

1000 3().4.8 43 0 19.5 

18 AWG Pairs Stranded (7x26) Bare Copper Conductors • Twisted Pairs 

Overall Beldfoil ShieJ~'{1W/o Coverage I • PVC/Nylon Insulation • Black PVC .Jacket {See chart b~ow fo1 other options) 
HfC. lC. ~l'U' 112QA E2 100!)(!1 3048.0 450.tl 204.3 .048 1.22 .276 7.06 59 262 2~ 1!.12 
ICE!. :.·73·532 Ori!friWuc 

ana sA E1 10000 1 :ro.IS.O 510.0 23'l.3 .048 1.22 .278 7.06 67 2!!8 uo 71.12 •• fA/Hll-41\2 \ 1 
\:£!> T-2!1·520 1Dii3A 2 E1 10000 I S048.1J 790.0 358.3 .053 1.35 .407 10.34 112 498 4,10 Hl4.H • 41lfEE 120Z/383 

1D64A 4 fl 75001 2285.0 892.5 40.:.8 .053 1.35 .47() 11;!4_~~-S§JL_ . .1lQ.__1_\9.36 
tll6SA 8 E1 750Qf 2286.0 1&50.0 748..4 .064 UiJ .599 15.21 3&1 11lS5 6.00 152.40 

1056A 12 E1 500()1 1524.0 1520.0 689 5 .064 1.6S .7l7 18.21 560 2491 7.20 182.88 
1067A Hi E1 50001 1524-!l 19:15.0 8641 .064 Ui3 .793 20.14 . ..!3!.. 3267 8 O:l 20J.2il 
105BA 24 £1 2500! 752.0 H87 5 6747 064 7.13 1 017 25.83 1098 4!!84 1030 261.61~ 

1087A 36 E1 1250. 381.0 10;.5.0 4559 064 2.13 1.178 29.97 1635 7213 11.70 297.18 

16BBA so Ei Bul~ tt Sulk .084 213 1.445 35.73 2262 10llii2 14.5D 3S8.30 

Individually ~lded i- Overall Botdfoll Shield (100% Covem-ge) • PVC/Nylon Insulation • Black PVC .Jacket (Options be:OWj 
1048A 2 E1 750:11 22li6.!l 522.5 
1049A 4 E1 75001 22!!6 0 1057.5 ---·-tOSOA 8 E1 7501Jf 2286 0 1965 Q 

1051A 12 f1 soon 1 1524.0 1915.11 
1052A 16 E1 25001 _t~g.{)_ 1257.5 
1053A ?4 E1 250:!1 7ii2.D 19:>7.5 
1054A 36 E1 1250 I JSU'l 1270.0 

1038A 50 El Bulk 11 Sulk 
!: I £? • &Itt Ill Tttbr.allnln!INII!m stt!Jlln tor o:w I;!)Ce. Mal~ l;lllor Cll~lllg o!Nl!.J..l!ll!! upm; m.;c:st. 
Mlt!lp!t l)ilr 01 tnatt c.ll:llm h.r.-o eacllll4l!llrwl nur..teret~lor -a mll!rnbfw:a~ort 

·r •"ill ~ t""~tll n'..ll' wrv tlO% ~., ltngUI s~~:rtm 
"if.:Jlll• Died< I~ IIV.tllabl! fer~ CllJlSI!f(lio:l 

• 

28VI .048 1.22 
4797 053 1.35 
891.3 064 1.63 

8686 054 1.63 
574.9 .084 213 

8652 .084 2.13 

5751 .034 2.13 
.064 2.13 

To Spe~Hv: 

,?:;r~ kt~ ~ ~~ ~pt 

J:.'h !l;'l!t E.t~:"U!! 

~:; ~~;:.~~ ~ ... ~~g 
t .... :C,i:,Ct 

~.'.;.:r. ~ ~:::.. 

.381 8.68 140 523 3J3D 96.52 

.41!9 12 42 258 1148 4.9!1 • .!.?_4.46 

.654 16 61 350 1557 6.60 167.64 

.785 19.94 728 3238 7.90 200.66 

698 22.81 963 q284 JI..:!JLJ28.60 
1.115 26.32 1434 6379 1t1!l :181 94 
1.299 32.99 2139 9515 13.00 330.20 

1 5<'7 38.79 2962 13176 15.30 38B.62 

Conduct0t'1 Insulation and Jacket Options·· 

brr nM&II IM!IIali!III/Jadel 
A 8 PVC-N-;llll!iP\IC 

·--~-.!L X13'E!!'VC 
E f fRPO!PVC 
G H XLFE/Tf'f 
K l TPE'JTPE 
M tl PVC-~l}1on!Dil Res II 
0 R Xl?f!CPE 
s T X!.PE/HllloartUI~ 

BELDEN For mor$ Information, contact Selden Technical Support: 1·1:100·9 E LOEN·1 • wv:w.belden com 



INDUSTRIAL AUTOMATION & PROCESS CONTROL CABLES 18.53 

UL Instrumentation Cable 
Thermocouple Extension Cables and Thermocouple Wire - Overview 

Construction Thermocouple 
Extension Cable 

Conductor material determined by the 
thermocouple extension wire type. FEP 
or PVC insulated with FEP or PVC jacket. 
Nylon rip cord included in all PVC-jacketed 
thermocouple extension cables. Communi
cation wire included on all multi-pair, 
PVC conS1rucllons - 22 AWG (7x30) bare 
copper orange PVC Insulation. 

NOTE: The temperature ranges in Table A 
are applicable only to the thermocouple 
conductors and not to the cable. The caille 
must never be exposed to temperatures 
higher than the maximum temperature 
ratings shown In Table B. 

Table 8: 
Other Insulation/Jacket Options 

0!. Usled lor Pt.TC 

lruoulatiaii/Jact.el 

XLPE.IPVC 9£rC 
XLPUCPE 9ll"C 
P\ICIPVC 1os·c 

PVG/CPE HiS'C 
Pf/PVC 75"C 
FP£/PVC T5*C 
TPE!fP€ 1os·c 
XlPEIHaloamsl" 9~C 

FEPJFEP :!OO'C 

Application 

Unshielded 

Parallel non-shielded extension wire may 
be utilized in low noise environments 
when recommended by the instrument 
manufacturer. 

Overall Shield 

Recommended, except In areas where high 
voltage and current sourcas c:reate excessive 
noise interference. The Beldfoil'!> shteld wilh 
drain wire provides 100% coverage for 
maximum shield effectiveness. 

Individually Shielded 
Individually shielded pairs are recommended 
for use in applications where optimum nolse 
rejection is required. 

PVC Insulated, PVC Jacketed 
Cable Specifications 

• UL Subject 13 

• UL Hi85 (UL 1581} Vertical Tray Flame 
Test compatable to IEEE 383-1974 
(70,000 BTU) Flame Test 

• ANSIJMC 96.1-1982 

• NECCMG 

• NEC Type PLTC Listed, which is 
approved for cable tray use in Class 1, 
Division 2, hazardous areas and 
non·hazardous areas, cable trays, 
raceways, conduit and supported 
by messenger wires. 

• NEC Type lTC Usted, which is approved 
for cable !ray use, raceways hazardous 
localions according to Artictes 501 , 502, 
503 and 504; or as aerial on a cable 
messenger, and under raised floors in 
control rooms and rack rooms 1.11here 
ammged to prevent damage 10 !he cable. 
Usages are allowed based on qualified 
persons servicing all installations. 

• PVC/PVC constructions are CMG. FT 4, 
IEEE 1202 and IEEE J83.2003 rated, 
ano meet ICEA T-29-520 Flame Tesl. 

• UL 12n TC versions approved for use 
in aass 1 trays available as special. 

Shielded Twisted Pair 
(FEP Insulated, FEP jacketed 
cable specificatlons) 

• UL Subfscl 13 

t> NFPA 262 (UL 910 Sleiner TuMel Flame 
Test) comparable to FT6 Flame Test 

• ANSIJMC 91:t 1-1982 

• NEC Type CL.3P/PLTC Listed, whiCh is 
approved for use in duds, plenums and 
other space used for environmental air. 

• Ul 12n TC versions approved for use 
In Class l trays available as special. 

ThermoGouple Wire 

Conductor material determined by the 
thermocouple type. FEP insulated and 
jacketed flat constructions. 

FEP thermocouple vJire is impervious to 
Chemical attack and is flame retardant 

Table A: Thermocouple Identification and Umits of Error - Reference .Junction ooc• 

ANSI 
Symllal 

T!!IIIJH~r;;!ure 
Rrlllle rc.} 

(rondutf!N only] 

ltlnliS Ol £rrlll' 
Standard ("C) 

Insulation Colur CDtlt 

E 010 340 t1.7•c Brown Purpla Rei.! 
$40 to 540 :t,!l.O% 

J I) tt; 293 :2.2"C Brown Wnllll Red 
293 to 480 t.75% 

I( 0 to 293 ~2.2"C Brown Ytl!cr..v Rea 
293 tn 980 L1S~· 

T (I to 133 :1.trC Brown S!Olt Rel! 
133 !O 260 :t.75% 

EX 0 to. 200 ~1.rt Purple Purple Red 
JX 010 200 arc Ellick While Red 
KX o to 200 t2.2"C YeflO'o~t Yellaw Red 
TX 01.0 10'J 1tl.trC Bi'Je Blue Red 

1.¥-tus 111 e~rm per AIISl UC96.l·l982. Umla lil!Gwn do mr. in::!llllt S'J$'.t11 cr lns!i!:atroo etror. 1'1:~~ refer to me t:rll;moturc Ot:t>Q rne.uum!. 
•11".& T0111lt1atute lt!llgc ~ t.mlili Ill Error ~e tnr ~ Q'll!lt ~.:es. R.eW!!loe.ANSllil~ 1·1!1!!21~r Ill~~ gralle Olfml!l:I!Ul)les 
Th~ lcmperalure Ranges lot 1)11! E, J, K w T tl!$1motuufll& ~ ~!!d ~- ~'Ito 2:2 Ro'lG 11.<11!.. 

~~d.l!lmil C\'lt~~llur:!::m~ ~~~~~ v~ ~. 

Chrome!" Constantan 
Non-magnetil; Sil'ler Color 

Iron Constllman 
Magnetic Norrmagnetlc 
cnromel Alume!'' 

N~!l-meqnetic Magn~llc 

Cttpper Const!ntln 
CQpper Cotor Non-magn!lit 

Chrome! COnsta!l'lCil 
Iron Constantzn 

Chrome! t..tumeJ 
C<illP!f Conmman 

Standard lengths may be subject to I ole ranee. Custom lengths may be available upon 
request. Contact the Selden Electronics OMsion Customer Service Department lor 
additional Information. 1·800..BELDEN·1 

BELDEN For more inlormallon, contacl Belden .,.echnH;al Sup.;;ort. 1·800-BELDEN-1 • www.belccn com 
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SERVI'P SPLIT BOLTS 
Types KS & KS-3 
For Copper. Copperweld 

(i®® 
Compact. high strength, high copper alloy SERVfl'Ssplit·bolthas free-running threads 
and easy to grip wrench flats. Highly resisfant to season cracking and cooosion, 
the SERVJlll' provides maximum pressure and assures a secure connection on all 
combinations of run and tap conductors. Type KS..3 accunmodates 3 maximum 
size conductors. 

Copper £. 
Ca!alog 

Range For Equal Min. Tap Wrth 
Recommended 

Number Trghtening Torque 
RunAndiap IAax. Run in-lb 

KSSO 12· 10$11. 1Sstr. 
80 

KSI5- 10. a str. 14 str. 

KS17" Sstr. · 6sot 14$!1. 

KS17-3" a w .. s sot 18 till. 
165 

KS20"' Bm. • 4 sol 14 till'. 

KS20-3' 8 sir •• 4 sol. 14 str. 

KS22" 5sll. ·2sol 14Slr. 

KS22-3' li c .. 2$01. 14 t!f, 275 

KS23" 6. 2£tr. 14 st!. 

KS2S'' 4. liD w. 14 str. 
385 

KS26"' 2·2/0!.Ir. 14SU. 

1($27" 1 • 310 sir. !!sol 500 

KS29- 1 r.r.- 250 kl:mi 8 slr. 
650 

KS31" 1/0 slr •• 350 kcmi 110 ar. 
I<S34" 210 str .• 500 la:tni .i!illsb. 112:5 

KS39 4.'11 s!l. · 750 l.rml 4!/)stt. 1000 

1($44 3CO • 1 OQtl kt!Til ~51!. 1100 

'Ncei.A.OICSA!.is:.!lt .t. l~~~tfllt::r~~~~~!ld. 

"Ul.iiUI!Icr Dl:c::l Sufi~~ Ccna*Ul.~ t£b '1-4. 1~ Ni :ot $11!AI!t~ ~ 

UNIVERSAL SERVITD 
Type KSU 

ll'i:\486A 
\.:!:1 Copper only 

Tin plated service connector with spacer bar for all combinations of copper. 
aluminum. ACSR. 6201, 5005, and steel. 

Run Tap Recom-
Cal.alDg 

Copper& RunACSR Copper& TapACSR' mended 
Number AAAC, 5005 AAAC.5005 TIQhtenin~ Aluminum Aluminum Torque in· 

KSU17 !2· 6&i. 1!{6-11 t2Slt ·ofd Si0-1) 
UiS 

KSUal 10·4S<i ~1) lllSlt·4S<t 6(S.I) 

KStJ22 10·2~ 6\&-11·4(7·!) 10$01.. 2&i. SjQ.-1)· df7·1) 
175 

KSU23 8·2Si. 3(6-1)· 2(&-!} 8$01.. 2 5!I 6{5-1) . 2(5-1) 

I(SU2S 2 ·tlilSl. 3\6-1)·1{&.1} tOs:r. · Ulst. 6(6-1)-1{&-1) 
385 

KSW6 2 ·v:ls:r. 2$-1) ·1Al(6-t) &!ilr •• zms:r. 6{5-1)·1~6-1) 

KSUZ7 1 • 31Gstr. 1(&-1). 2KI{6-1) Bsct·s.!la 6{5-1). ~6-1) SDD 

KS\)29 1$'.·~ 2.tl{6-1)·4'D;S.1j BS! •• 250 6{6-1). C:tl(S.1) k::mi 
650 

KS\.131 .wa-350 Ml\6-1)·4~1) 4ll1t ·350 4{5-1)· 4-tl(&-1) !Onl 

KS\134 4W·Silllcd 3li»7r47lflll-1l 2S! .• 5I» 2{&-1)· C7{l!Hi e2S 

• 

• 

• 



OKLIPTM 
Type KVS .® 
Mechanical Connector for Copper and Copperweld. Compact, two-piece, high 
strengih, high coppa alloy BURNDY" OKLIP1"' recommended lor heavy duty 
connections. Neoprene rings held DURIUM7M bolls in place during installation. 
tnstaHed with ordinary wrench. 

Cata!og Copper 
NU'IlbeT Run 

KVS26 2 • 210 str. 

KVS28 1/lH:'Ostt. 

KVS31 Z..,l:() • 350 krmll 

K'iS34 400 • 500 kcml! 

KVS40 400 • 800 kcm:1 

KVS44 SO!l· 1000 k!:mil 

UNIVERSAL OKLIP™ 
Type KVSU 

@® 

Tap 

6 SGt • 210 Sll. 

10. 41tl stf. 

10 Sl1 •• 350 kcmiJ 

10 s!r .• 500 kcmil 

3:1l Sir. • SilO kcmiJ 

Siil Sir. • 1 ODD kcmil 

Recom:r.ended 
fl{lhlening TOfQIJe in-ill 

1BD 

250 

325 

l75 

500 

Mechanical Connedor lor all combinations of Copper, Aluminum, ACSR, AAAC 
asros. Compact, high strength, ~n plated copper alloy two-piece connector wllh 
~and tin-plated silialn bronze OURIUM1M hardware. Recommended for heavy 

.onnechons. Spate( sepa~ales dissimilar condudom and provides long contact 
lt:a&~th. Neoprene ring prevents lOS$ of shorter bolt during inslallation. Longer peened 
boll permits swivel action tor easier installation. 

Run Tap 
Rsa:~m-

Catalog ACSR, ACSfl, mended 
Copper& MAC,& Copper& 

MAC.& T.gnten:ng 
t.'umber Alutm!lllm Alllmnum T01ql.tllln-!b 5005 5005 

KVSU26 2·2.1f.lS1r. 3·210 s. 210 Sit. 6· 210 180 

KVSU2S l/0- 410 S1!. 1t'O. 4!0 6 • 41U str. s. 4.10 25ll 

KVSU31 250. 350 kcmll 410 ·300 6 S!l.• :ISO s-Jua 325 kt:mii 

KVSIJ34 .:00 • 50:l kcmll 336.4· 4S!r.- 500 5· 397.!i 375 397.5 kcm:il 

KVSU~ 400 • llO!J kaml 4Jt'l·SOO 410 Sll. ·SOO 310-715.5 la::mil 
500 

KVSU44 500-1000 4.'0 ·IOIJO 4/0 S!r. -1000 4.'0. !3Ctl kctril ~~ 

• 
2 

TRITAPTM SERVI"f®TAP CONNECTOR 

TypeKSA --~ 
~tfi'\ ~"" ~ 
\$ zy ;£::7~ ..... :("--.. 
45119 

An aluminum tin-plated universal tap connector for a0 c:omblnations ol aluminum lo 
aluminum. aluminum to copper and copper to copper appllcalicns. UL486B Listed. 
so• crated. 

Catalog Run Run 
Numbm M•n. ~ax. 

KSA6 10SOL ssu. 
K5AA B sot. 4 str. 

KSA2 Ssot 2S!r. 

KSAlr'O 2 compact 11tlstr. 

KSA2.1f.l 2COIT',paet 2IC ltr. 

KSA410 2compact 410 &tr. 

KSA350' 110 cornpaa 350kcrnil 

KSA50tl' 400 compm:.l SOOkcmU 

SERVIT9 COVER 
TypeSC 

~® 

Tap Tap ~l.ll'ldl.'d 

T'Y,)Illen'-1; 
M:n. Max. Tomu!'in·lb 

10SOL 6 S'J 
165 

10 Sllt 4 S:r 

Bstr. 2S!r 275 

Bsol lit! Sit. 
385 

Bstr. 2.'0 str. 

Sstr. 410 sir. sou 
4 Sir. 350 lu:rnU 55!1 

2 compact 500kcmJ 525 

Range-ta!Ung, insulali~~g cover for SERVI'f"' and equivalent spn-oon connectors. 

Calal:~g 
Number ForUseWflll 

SC4 I<S17, K.SH-3, KS20. KSU17, KSU21J 

SC2 KS22, K.S20-3, KS23, KS22·3, KSA6, KSM, KSU22., KSU23 

SC21tl KS25. KS25. KSA2, KSA 1/0, KSU25, KSU26 

VERSITAP'"' PARALLEL CLAMP 
TypeQPX 

@® 
Parallel clamp for wide range of copper cable. Makes parallel tap. tees. crosses and 
end-!o-erul connec!.lons. Rounded edges lo1 easy taping. 

Cataklg 
Cable Range R!Cillllt!lemled 

Numt?et Run Run Tap Tap ~.:na 

Milt t.'.ax. Mm. Max. Torqll<!lll-i) 

OPX2C2C 6 sir. 2slr. 6 Sit. 2 !itt. 150 

QPX262C 1 stl. 4!0 stl. 6 str. 2 &IT. 
250 

OPX2828 1s1r. 4JO Sit l str. 4/0srr. 

O?X342C 250kcm.J 500ktntJl 6stL 2 Sir. 

OPX3428 250kcmll SOOkcmu 4!0str. 375 

OPX3434 250kcm11 SOOkcmH 250kcmll 500 kai'JlJ 

OPX44~C SOOktmJ lOOOkcmil 6Slt. 21itl'. 

OPX«2a 500 l«:m~ tOOOkcmil 1S!I 4ltl $!!. 
5a:l 

OPX4434 500 kcmll 1000kcmil 25llkcnu1 S!l!lkarJl 

Q?X4444 SOOkcmil ,OOOkcm!l SOOkcrnil 1000kcnil 



ONE HOLE HVLUGTM 
CODE CONDUCTOR 

... LONG "BARREL 
·-, 1es YA, YA·TC 

unmsulated Copper 
Compression Terminal 
UL Listed 90° C. 600 Volts to 35 KV + 

. 

Cal:lb9 CcndJaDr - Sud 
Na\'j itte 

f\UIW AWG WM2 S2e 
BAING 

YAICTtlD 
8WEJJ) 

'11124 
Ill 

6si 
tiD 

8./MG 
Z3 

YflliC.TC\4 
I! 'laD 

'Sl/24 
II~. 

6s:l 

yp.g; 6AWG' - IJ4 

VAS; 5AV.t; - 3Q 1U 

YMC ·~YJ) .co ~ 

'fKI:, 3/.WG i.'S 50 &16 
Y>\'JCN .2&:1 i.'S 50 M! 

''¥~ 2W;; 3!i 6D &'16 

.AIC 1/WG 00 15 !'>116 

YNii!!i li)AV(i ·Ill! : 516 ' -
YA25N IAIIWG '100 112 

'f~ ~1;\',\J 70 125 is 
YA2SN 20~.tl 70 t25 1.:! 

Ylal li'IAWG \50 112 

VA?! 4.0AWG - M 112 

W!J 25ilk::ml 250 M! 

YAXI 300lanl 1511 300 112 

001 •JOOJ;Dtd !!l5 350 1/2 

YA32N <lrolmd 400 IQ -
YMZ «<k::ml G) ~ 

YA'l4N SiXIIO!d ~ 112 

YK!!. sOOianl 2<0 ~ 

YA:JJN '!mlmd ~ 10 

YP:Ji 600!anl JOO - 56 

VA'I\lN 7Silk::ml 112 -
YJJJ l'50!:Jii &II 

YA44 I<Wimd :l1i !.'8 
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T119Je 
ligl.n~ 

\l.'d:h (8) (I) (1.) 

38 .Ill .tl! t57 

.41 lll .ll:l;: Ui9· 

.AI· (12 '!liJ 1.81 

.44 1.!2 J17 1.00 

.::o. ;q2 .'m ');57 .. 

.ss 1.25 IS 2JO 
lll 1.25 .12 2Jl6 

.61 1.25 . .11 ~ .!ill 1.38 .tO 

,:.75 ·1..33 .12 2.4ll 

.BI 1.38 .11 lli5 

& 1.5:l .12 (.T! 

cl!3 1.50 .1.2 !21 

!I 1..53 .13 3..06 

tl:l2 1.62 .\4 32.3 

1.11 1.2 .lS 3..40 

1.11 12 .16 S26 

1.29 2.00 .IB 3.73 

120 2.00 .16 3.fill 

1.38 2.12 .19 •4.1.5 

1.52 2.25 23 432 

152 2.25 Zl 4J9 

Ui!J 1!.5!1 :0 4.83 

1.68 Uill Zl 4.90 

ISS 2.88 Zl 5.11 

I .iS 2.iS Zl ~.17 

2.1i 3.W 33 5..45 

• A...w.UOiillco.l4'lll:!ilrVI:li:ai:IQ~~v~ 
• Fw~~-l!XI011ai:i-al:lt~fl:t....._.SU$0-~ 
-"'~"-'"~ti:t~cwl .. · · · 
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Type 4 JIC Uft-011 Cover Enclosures 
Data Sbeat 

In 
~ .. ' 

AmtlicatiDD 
• Houses electrical controls and instruments 
• Intended for indoor or outdoor use 
• Protects against windblown dust and rain. splashing 

water artd hose diret:ted v.-ater 

Stmnlnrds 
• UL 50S listed. Type 4. Type 13 and Type 12 

t1 • CSA C22.2 No.94 certified, Type 4, Type 13 
f!i and Type 12 
j • Conforms to NEMA standard for Type 4 . 
.,.. Type 13 and Type 12 
..,. • Conforms to JIC standard EGP-1·196 7 ! • IEC 60529. IP66 

CollStriretfon 
• Enclosure and CO'Jer are fabricated from {16) gauge steel 
• All continuous welded seams are finished smooth 
• Cover is secured to the body with easy-to-operate stainless steel 

screw clamps mounted on all four skies 
• Cover has a fixed, oil and water·reslstant gasket 
• Ground stud provided on cover 
• 1110-32 weldnuts are provided for mou."lting optional panel on 

6H x 4W and larger enclosures 
• External mounting feet are provided for secure v.~all mounting 

Finish 
• Wash and phosphate undercoat 
• ANSI 6 l gray polyester powder finish 

AccessoPies 
• Panels 
• JlC terminal strap kit 
• J!C terminal strip kit 
• Terminal blocks 
• Touch-up paint 
• See Accessories section 

142 

~ 
COOPER 8-Line Notes: 13-Une Systems ca."l provide special sizes, linishes and other modi!ications. 

Cor.s:.~It the factory for your special re<r..lirements. 



' I 

A 

weld nut 
!4PU 

0 

' I 

Endosure Endosure Size 
Height x Width x Dep1h 

AxhC 
Cotal119 Humbu II. -

44HLC UOsH10x3.00 l02x1Dhl6 
643-4l( 6.DDxHIOs3.00 1Sh10b76 

8&s.s-4LC B.DDxUIIxl.SO 2il3ll52x89 
664-4LC 6.00x6.00K4.00 IShiS2zl02 
IOU-4lC l0,08xB.Ob4.00 254x203d0l 
121115-tLC ltODxiO.GOD.DO Si1Sx2S4d27 
14176-4LC 14.DDxl2.00x600 3S6d05x1S2 
16146-4l( 16.0Dx14.00x6.00 406ill6xi.S2 

f~ B -l 

"T 
A-LOO 

tZ!il --·-+ B·1.00 . !25) 

D 
II. 

~DO 

3.00 
(00 

100 
2.00 
3.00 
3.00 
2.00 

Type 4 JIC Uft-on cover Enclosures 
Catalog Number 

I F - ill. - iR. lll!ll 

Sl . 7.00 Sl 

76 2.00 Sl 
102 - . 3.00 76 

76 3.00 76 
S1 - 4.00 102 

16 ~00 51 
16 3.00 76 
Sl uo 203 3.00 76 

c 

da:np 

Panel 

Catalog Number 
. 

AW64P 

AWS6P 

AW66P 
AWl liSP 
AW121DI' 
AW1412P 
AW1614P 

I 

Panel Size 

Heigh! X Widlh 
h. 

U7x2.87 

U7x.U7 
U7r4.B7 
Uh6.87 
l0.87a8.87 

12.87110.87 
14.87xl2.87 

0 

0 

a 

1'14~:73 

114d24 
1241124 
27Sx174 
2ihl25 
327d76 
3181327 

443-4LC 
643·ilLC 
863.5·4LC 
664·4LC 

10S4-4LC 

r -

·, u 
' optional panel 

121054LC 
141Z6-4LC 

16146-4LC 

Cover Clamp 
Layout 

tJI' 
Notes: Dimensions are In mches. Millimeters shown are for reference only. COOPER B-Line 

Data subject to change without nolice. 

• 

• 
143 



• BUILDING WIRE 

600 Volt UL gooc 
THHNITHWN Insulation 
Copper Conductor 

copperconductar PVC 

'\If.,.J;@l; 

PVC Nylon 
Insulation Jacket Overall 

Size No. of Thickness Thickness Diameter 
Catalog No. AWG/kcmll Strands Mils Mils Inch 

HW001 01401 14 7 15 4 .12 
HW001 01201 12 7 15 4 . 14 
HW001 01001 10 7 20 4 .17 
HW001 00801 8 7 30 4 .23 
HW001 00601 6 7 30 5 .25 
HW001 00401 4 7 40 6 .33 
HW001 00301 3 7 40 6 .36 
HW001 00201 2 7 40 6 .39 
HW001 00101 1 19 so 7 .45 

.HW001 10101 1/0 19 50 7 .50 
HW001 20101 210 19 50 7 .54 
-IW001 30101 310 19 50 7 .60 
HW001 40101 410 19 50 7 .66 
HW001 25001 250 37 60 a .72 
HW001 35001 350 37 60 8 .83 
HW001 50001 500 37 60 a .96 
HW001 75001 750 61 70 9 1.17 
HW001 10001 1000 61 70 9 1.32 

Application: Jacket: 
For use in general wiring applications for lighting and Clear Nylon per UL Standard 62. 
power in conduits, ducts, or other approved raceways 
with maximum conductor temperature of gooc in dry Flame Test: 
locations and 75°C in v..et locations. Chemical, Ul VW-1 
gasoline and oil resistant. 

Additional Standards: 

Specification 

HW001 

T 
Net 

Weight 
Lbs/Mft 

16 
25. 
39 
66 
98 

155 
190 
235 
300 
370 
460 
570 
710 
845 

1165 
1640 
2480 
3300 

Conductor: • Federal Specification CID A-A-55543 
Soft bare annealed copper per ASTM B-3, Class B 
stranding per ASTM B-8. 

Insulation: 
Heat and moisture resistant PVC per UL Standard 83 . 

• 
1-800-HOUWIRE 

• UL 1063 (Type MTW for stranded items) 

• Ul 758 (Type AWM 105°C dry, 80°C in oil) 

3 
1004 l'ratluct CauJog All daw .ru~JeCIIo clumge w11Jumt nntke. 
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MULTI-PURPOSE 
MECHANICAL PROTECTION • 

TYPE UlL, TYPE _EF 

TYPE ULand TYPE EF liquid tight conduit is utilized where 

protection from adverse conditions is required, providing 

mechanical protection and security from water, dusr, and other 

contaminants. 

TYPE UL liquid tight conduit manufactured by Eastern is 

suitable for applications that require a UL listed, metallic liquid 

tight conduit. The conduit is UV resistant, has excellent 

dielectric properties, and remains flexible in cold temperatures. 

TYPE UL complies with standard 360 which specifies an 

integral copper ground wire in sizes 3/8" through I I /4". 

TYPE EF is a JIC type conduit suitable for applications that 

require an extra flexible metallic liquid tight wherever 

movement or vibration is present. 

Both are "Self Measuring", an innovative Eastern feature that 

provides you with sequenlial footage markings. • 



• 1nside 
Trade 

Diameter Size 
(Minimum) 

3/8 .484 

l/2 .622 

3/4 .820 

I 1.041 

1 1/4 1.380 

1 1/2 1.575 

2 2.020 

2 1/2 2.480 

3 3.070 

3 1/2 3.500 

4 4.000 

• lnside Trade 
Diameter Size 
(Minimum) 

3/8 .484 

1/2 .622 

3/4 .820 

1 1.041 

1 1/4 1.380 

1 112 1.575 

2 2.020 

2 112 2.480 

3 3.070 

3 112 3.500 

4 4.000 

• Approvals: 
Typical Applications: 

tqco 
E"JtH::triciiJ& 
M~ta! Pradut:l!i 

TYPE lTL 

Inside Outside Outside We~t Bend Standard Standard 
Diameter Diameter Diameter a_:r un- Diameter Cartons Reels ed Feet 
(Maximum) (Minimum) (Maximum) (lbs) (Inches) (Feet) (Feet) 

.504 .690 .710 25 4 100 600/1200 

.642 .822 .822 30 6 100 500/1000 

.840 1.030 1.050 41 8 100 500 

1.066 1.290 1.315 58 to 100 400 

1.410 1.630 1.660 73 12.5 50 250 

1.600 1.865 1.900 84 15 50 150 

2.045 2.340 2.375 114 20 50 100 

2.505 2.840 2.875 160 25 25 

3.100 3.460 3.500 192 30 25 

3.540 3.960 4.000 220 35 25 

4.040 4.460 4.500 245 40 25 

T\'PE EF 

Inside Outside Outside We~ht Bend Standard Standard 
Diameter Diameter Diameter per un- Diameter Cartons Reels dred Feet 
(Maximum) (Minimum) (Maximum) (lbs) (Inches) (Feet) (Feet) 

.504 .690 .710 19 3 100 600/1200 

.642 .822 .822 23 4 100 500/1000 

.840 1.030 1.050 29 5 100 500 

1.066 1.290 1.315 42 7 100 400 

1.410 1.630 1.660 55 8 50 250 

1.600 1.865 L900 68 9 50 150 

2.045 2.340 2.375 190 12 50 100 

2.505 2.840 2.875 I J 7 17 12/25 

3.100 3.460 3.500 142 20 12/25 

3.540 3.960 4.000 194 23 25 

4.040 4.460 4.500 245 ,. _, 12/25 

* UL 360- (for Type UL) 
*Equipment Builders, OEMs, HVAC, General Construction 

1-800-483-3473 
www.eastem'\\ire.eom 



Allied IGID 
Quality, Long Lasting Steel Conduit 

Heavy Duty 

Allied Rigid is precision manufactured for 
aep~ndable, long-lasting value and protection 
for the electrical raceway system. Allied Rigid • 

also provides radiation protection, magnetic 
shielding and resists impact. 

Kwik-Couplee RIGID 

Alliedts patentecr Kwik-Couple Rigid cuts threaded conduit 
installation time and cost significantly. KWik..Couple comes 
installed right on the conduit or elbows, right where you need 
it. JuSt line up the ends, spin the coupling forward onto the 
next piece and wrench tighten. It's that easyl 
·u.s. Patent N\lllbet$ 4258936,4547004. CTJallied 

TUBE & CONDUIT 



~~~~~e~ E£E~,~~ I ~g~~= D~~ fica t iK~-~.: RIGID .• ~"~·"~., 
SYSTEM PROTECTION 

Allied RIGID is precision manufactured for 
dependable. long-lasting value and 
protection for the electrical raceway system. 
Manufactured from high-strength steel. Allied 
AlGID comb1nes damage-resistant strength 
w1th ductility to assure easy bending, cutting 
and joining. It also provides smooth, 
continuous raceways for fast w1re-pulhng. No 
need to worry about damage to the conduit 
system even when pulling through multiple 
90" bends. 

Allied RIGID is hot-dipped galvanized instde 
and out It is lop-coated wtth a compat1ble 
organic layer to inhibit white rust and 
mcrease corrosion reststance. 
Allied RIGID is impact and crush resistant for 
maximum conductor protection. 

The 3/4" taper NPT threads (ANSI 81.20.1) 
are full cut and hot galvanized after cutting. 
Color-coded end-cap thread protectors keep 
the threads clean and sharp and also prov1de 
instant trade size recognit1on. Even trade 
s1zes are color-coded blue, 112 trade sizes 
are black, and 114 trade sizes are red. 

lflirl SHIELDING 

• ·d RIGID greatly reduces electromagnetic 
.s, effectively sh1elding computers and 

sensitive electronic equipment from the 
electromagnetic interference caused by power 
distribution systems. For further information, 
v1si! our website for a free download of the 
GEMI (Grounding and ElectroMagnetic 
Interference) analysis software and related 
research papers. 

FULL CODES AND STANDARDS 
COMPUANCE 

Allied RIGID is covered by article 344 of the 
National Electrical Code. It IS listed to 
Underwnters Laboratories Safety Standard 
U.L 6. and is manufactured to ANSI C80.1, 
both of whtch have been adopted as Federal 
Specifications in lieu of WWC 581. 
Allied RIGID is recognized as an equipment 
grounding conductor by NEG Arttcle 250. 
Documentation for compliance with NEG 
Arttcle 250 is also available in the GEMI 
(Groundmg and ElectroMagnetic Interference) 
analysrs software and related research studies 
found at the www.alliedeg.com website. 

Installation of Rigid Metal Conduit shall 
be in accordance vvith the National 8ectneal 
Code and U.L Generallnfonnation card #OYIX. 
Master bt..ll"des conform to NEMA S'.andard RN2. 

'lED ELECTRICAL GROUP 

RIGID Metal Conduit shall be hot·dip 
galvanized steel equal to that 
manufactured by Allied Tube & CondUit 
Corporation. Threads shall be hot 
galvantzed after cutting. RIGID shall be 
produced in accordance wrth U.l. Safety 
Standard #6 and ANSI C80.1 and shall be 
listed by a nationally recognized testing 
laboratory with follow-up servtce. Where 

meet U.l. Safety Standard 1/514-B. It 
is noted that these U.L. standards have 
been adopted by the federal government 
and separate military specifications no 
longer exist. 

For roore lntorma!bn. contact Ailed a! (800) 682-6543, 
or visit ()Uf websl!e at www.alliedeg.com 

Weights and Dimensions for Galvanized Rigid Tubing 

Trade Size Approx. Wt. • Per Nominal Outside Nominal 
Wall Designator 100 Ft. (30.5M) Diameter' Thickness 

u.s. Metric lb. kg in. mm in. mm 

112 16 62 37.2 0.840 21.3 0.104 2.60 

3/4 21 109 49.4 1.050 26.7 0.107 2.70 

1 27 161 73.0 1.315 33.4 0.125 3.20 

1·114 35 218 98.9 1.660 422 0.133 3.40 

1-112 41 263 119.3 1.900 48.3 0.13S 3.50 

2 53 350 156.7 2 375 60.3 0.146 3.70 

2·1/2 63 559 253.5 2.675 73.0 0.193 4.90 

3 78 7V 329.7 3.500 88.9 0.205 520 

3-112 91 880 399.1 4,000 101.6 0.2i5 5.50 

4 103 1030 467.1 4.500 114.3 0.225 5.70 

5 129 1400 634.9 5.563 141.3 0.245 6.20 

6 155 1640 834.5 6.625 168.3 0265 6.80 

· For more Information only, not a spec requ.remenl. 

NOTE. Leng\h = 10 11. (3.05m) w1th a tOlerance o! ·f· .25 111 !6.35mm). 
• NEMA S!ar\dard 

Weights and Dimensions for Kwik·Couple Rigid 

Trade Size Approx. Wt. Per Nominal Outside Nominal 
Wall Designator 100 Ft. (30.5M} Diameter' Thickness• 

u.s. Metric lb. kg in. mm ln. mm 
2-1/2 63 559 253.5 2.675 73.0 0,193 4.90 

3 78 727 329.7 3.500 88.9 0.205 5.20 

3-1/2 91 6SO 399.1 

4 103 1030 4571 

Quantity In 
Master Bundle 

fL m 

2500 762.5 

2000 510 0 

1250 381.3 

900 274 5 

BOO 244.0 

GOO 163.0 

370 112.9 

300 91.5 

250 76.3 

200 61.0 

150 45.8 

100 30.5 

I Quantity In 
Master Bundle 

ft. m 

400 122.0 

300 91.5 

76.3 

61.0 

® 
u..:~.-&~ 

~:t::tiiO~~~ 
f4tlllr~A:1tt~·Qot.&'UM 

www .alliedeg.com 

• Allied Tube & Conduit • AFC Cable Systems• • Cope• Gable Tray· Power·Strur Metal & Fiberglass Fram:ng 
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Specification 

HWOOO 

BARE COPPER 

Soft Drawn 
Solid or Stranded 

Cross 
Sectional 

Area 
Size Circular 

Catalog No. AWGikcmil Mils 

Soft Drawn Bare COQQer • Solid 
HWOOO 08015 8 16510 
HWOOO 06015 6 26240 
HWOOO 0401S 4 41740 
HWOOO 02018 2 66360 

Soft Drawn Bare Coeeer- Stranded 
HWOOO 01401 14 4110 
HWOOO 01201 12 6530 
HWOOO 01001 10 10380 
HWOOO 00801 8 16510 
HWOOO 00601 6 26240 
HWOOO 00401 4 41740 
HWOOO 00201 2 66360 
HWOOO 00101 1 83690 
HWOOO 10101 110 105600 
HWOOO 20101 210 133100 
HWOOO 30101 3/0 167800 
HWOOO 40101 4/0 211600 
HWOOO 25001 250 250000 
HWOOO 35001 350 350000 
HWOOO 50001 500 500000 
HWOOO 75001 750 750000 
HWOOO 10001 1000 1000000 

Application: 
For use on insulators for overhead distribution circuits 
or for grounding conductors. 

Conductor: 
Soft bare annealed copper per ASTM 8-3. Class 8 
stranding per ASTM 6-6. Tin-coated soft, medium· 
hard. or hard drawn copper wire also available upon 
request. 

• 
soft drawn bare copper 

; 3-= .b 

Overall Net 
No. of Diameter Weight 

Strands Inch Lbs/Mft 

Solid .12 50 
Solid .16 79 
Solid .20 126 
Solid .25 201 

7 .07 13 
7 .09 20 
7 .11 32 
7 .14 51 • 7 .18 81 
7 .23 129 
7 .29 205 

19 .33 258 
19 .37 326 
19 .41 411 
19 .47 518 
19 .52 653 
37 .57 772 
37 .68 1081 
37 .81 1544 
61 .99 2316 
61 1.15 3088 

Additional Standards: 
Federal Specification CID A-A-59551 (non-insulated) 

• 
2 1-800-HOUWIRE 

.411 data subji!t:IIO dt011ge wuhQur notice. 2004 ProduCJ Catalog 
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For Through Connections to Ground Rods 

For through cable connections to the side of ground rods, there 
has never been a faster or easier way to make a reliable CADWELD"' 
connection. The two-piece CADWELD GY mold lets you make 
connections in a trench in about half the time 1t would take with 
compression connections or other exothermic connections and at a 
fraction of the cost. 

GY molds are simple to use and provide for easy cable alignment. The 
molds include a baffle mold cover that reduces emissions and extends 
handle clamp life. 



eFIITECH~ CAD ELD® GY Molds 
For Through Connections to Ground Rods 

Two-piece GY positioned on ground rod 
(locking pliers required to support mold during 
connection process not shown) 

Completed GY connection 

Ordering Information 

1/0CONC GYR141C 115 

1/2" 
2/0CONC GYRl42G 115 
3/0 CONC GYR142l 150 
4/0 CONC GYR142Q 150 
250 CONC GYR142V 150 

2 SOL GYRi6H 90 
2 CONC GYR161V 90 

1/0CONC GYR162C 115 
210CONC GVR162G 115 

518" 3/0CONC GYR162L 150 
4/0CONC GYR162Q 150 
250 CONC GYR162V 150 
350CONC GYR163D 250 
500 CONC GYF163Q 400 

2 SOL GYR181T 90 
2CONC GYRl8lV 90 

i/OCONC GYR182C 115 
7.10 SOL GYR182G 115 

3/4" 3/0CONC GYR182L 150 
4/0CONC GYR182Q 150 
250CONC GYR182V 200 
350 CONC GYR283D 300 
SOOCONC GYF:83Q 500 

115PLUSf20 
ll5PlUSF20 
150PLUSF20 
150PLU$ F20 
150PI.USF20 
90PlUSF20 
90PLUSF20 
11SPI.USF20 
115PLUSF20 
150PlUSF20 
l50PI.USF20 
150PI.USF.20 
Z50PLUSF20 
400PlUSF20 
90PLUSF20 
90PlUSF20 
115PlUSf20 
115PLUSF20 
150PLUSF20 
150PLUSF20 
200PLUSf20 
300PWSF20 
500PLUSF20 

WARNING 
ti!1C0 ptodUC:S s!\ill t'll! tnl{al!EO al'ld usel! on!)' a' !t'ldiG!I~<l 11'1 (RICO'! pr!XIoo ~!t!J(lic<'l S.~ ~~d ~anr.g ma!etll!f!.. l'l!l'VO"!f' oi>JH:~ 11re .rv~~ilbiC ~t w.wntrKO.a>m a:>d !'!""' ~" ERIC:O 
OJ>tOI!ll'r ~<:·' ·~m,w..., ilnpol)(>r inl.t,liia'tlO'l. ~'l.l:'. !t>l<.!ppl~~:<~l""' 01 other filliure to C<l1'1\!)il!<e\y lofii>W (JUCC'~ lmtM:t>OI'I$ Mid vn11ronqs :my uwe P<~ !'!'lil11uncoon. p<Opi!r.y 
d;Jm.:l!)!'. I®Oili b<'l6ly i.'ljlll)' and ~lh. 

Coj))'!lght 02006 ERlCO lllll'!'rnatlOI'.al CO!pora\11>11 Ill! riyn!> ,.,.,M:cl 
CADDY, CA!>WHO. CRITEC:. £ltl(0, ERlREX. fR!lKH. ar'll.lt£1\.'TON a:f' regi>te!eC tra*meth ol £RlCO >":te;r.atiotlal (orpOta!loo 

Phone· 800·333·0852 

• 



• 

• 

• 

Excellent for connecting multiple electrodes with 
a single cable, such as in substation grounding. 
U-Bolt Ground C!amps 

• y' 

'' --~ .·f~ c;;.:. ~:u.• u "'· ·~· 
M_;[;;S{...: 4 8 

~ ;,~1 
e.:t5~t:~i 210 4 
i'1r~:aD 250 2!0 

'· 
l'i\:'7{.:.~ 4 s -_, 

~ 
0)\(,C:'lf 210 ~ 
11-t!\7~;-< Z5Q 2JO 

~ 4 8 1;\" 

nr~ 1u::z; 210 4 1ft' 
fiU-.:t:;;_G 4 s 11.' 

" For connecting copper or copper-clad steel grounding nun;;,;z1 2.10 4 lh-
conductor to grouncr rod or pipe fli\:--;1;~ 250 210 1£" 

{ii;ti:ill.4 4 B llr' .. Specially designed spacer prOVides proper alignment 
tHJV1i:l21 2}0 4 1:.1 between cable and electrode and affords more positive 
;;•n1~rzs 250 210 llr contact area 
1;lr:1~ 4 a zr. 

• All components cast or forged from copper alloy GU"7n?l liO 4 2JI" 
!r:.lVZir.;f, 250 21tl Zlf" 

" UL467 Listed for direct burial 8.1\'?1~?1 210 2it' 
Ci!,"'.d/'JS 250 2Jt) 2\1" 
(hll):\l'2l Vll 4 3A"' 
1:!1\?"'~ 250 210 3h" 
(i\!~31~1 Ml 4 4. 

tuvr.::n Ml 4 41." 
:iiE*!£r.t5 250 2/l) 4A 

® 

2% 
,.~ 'l'/. w. 
lf' 21'7/. 1¥. 
jf' ;: 2;1 1)1, 2'' "' 

:.~· ll' II" 2;\i 1~ 2~ 
){" ,,. ;: ~ 1)1, 2):( ,, 
1A' ,. 3*. w. 2}1 

lh" ,. 3Y, w. 0: 
lij" l;.'" 3;1. 19¥. 2)1, 
Hf' 1,(' :fl. W• 2Y. 
111. lil" sv. w. 2)1, 
1\f' r"' ll ;ry, 19¥, 3Y. 
11;" ,~· 3¥. 1Y. 31,; 

l!f' 1ft" :n·, w, 3Y. 
2" 2" w. ,~ 3'1< 
2" 2" 4:1, JY, 3'/, 
2" 2" 41'. 1¥, 3;.1. 
2t' z;:• 41<'. 1Y.. 4K 
u: 2£' 4 y, 191'. 4Vo 
3" 3" SY. 1~. 4"¥l 
3" 3" !'IY. ur, n·, 
r~· 3lh" 61. w. 5.~ 
4" 4" Em jjl, 5)1. 
4' 4' ~ w. 5;.( 

• Farm (ll$ing JJfd SiJ>'fi1: P m Cal. t~. emrzct f2ctr,ry ttJr p:7:iJ i!lltf mili!!IH>ty 

l1Vaterpipe Ground Clamps 

lA. ikm r<Oi list ~~1-p!ii'ffi tNCJVq fF1!V'II£'l!J iieYces. 

c~r. ~:a. 

!i 

GI!OUUD \'liRE SIZE 

#6, ~. ltl 
,5, <14. r2 
IIS,:4,fi2 
FiU4,!!2 
!16.llU2 

i!'. ~.l.OffEillll4·10 
1A", or or z· 
2A". 3" Cl 3i!' 
.:·, 4:f or s· 

6' 



I lied 
Quality, Long Lasting Steel Conduit 

Af!ied Rigid is precision manufactured for 
dependable. long-lasting value and protection 
for the electrical raceway system. Allied Rigid 

also provides radiation protection, magnetic 
shielding and resists impact. 

Kwik-Couple0 A IG 10 

Allied's patented' Kwik-Couple Rigid cuts threaded conduit 
installation time and cost stgniflcanuy. Kwlk-Gouple comes 
installed right on the conduit or elbows, right where you need 
it Just line up the ends. spin the coupling forward onto the 
next piece and wrench tighten. lt's that easy! 

·u.s. Patent NumberS '258935,4547004. G;;Jallied 
TUBE & CONDUIT 

• 

• 

• 



Allied 
.OUIDES FULL ELECTRICAL 

STEf.Ji PROTECTION 

Allied RIGID is precision manufactured for 
dependable, !ong·lasting value and 
protection for the electriCal raceway system. 
Manufactured from high-strength steel, Allied 
A IGID combines damage-resistant_ strength 
with ductility to assure easy-~eoding. cutting 
and joining. It also provides smooth, 
continuous raceways tor fast wire-pulling. No 
need to worry about damage to the-conduit 
system even when pulling through multiple 
90° bends. · 

Allied RIGID is hot-dipped galvanized inside 
and out. !t is top-coated with a compatible 
organic layer to inhibit white rust and 
increase corrosion resistance. 
Allied RIGID is impact and crush resistant for 
maximum conductor protection. 

The 3/4" taper NPT threads (ANSI 81.20.1) 
are full cut and hot galvanized after cutting 
Color-coded end-cap thread protectors keep 
the threads clean and sharp and also provide 
instant trade size recognition. Even trade 
sizes are color~coded blue, 112 trade sizes 
are black, and 1 14 trade sizes are red. 

.I SHIELDING 

.j RIGID greatly red~s electromagnetic 
fields, effectively shielding computers and 
sensitive electronic equipment from the 
electromagnetic interference caused by power 
distribution systems. For further information. 
visit our website for a free download of the 
GEMI (Grounding and ElectroMagnetic 
Interference) analysis software and related 
research papers. 

FULL .CODES AND STANDARDS 
COFIIPLIANCE 

Allied RIGID Is covered by article 344 of the 
National Electrical Code. It is listed to 
Underwriters Laboratones Safety Standard 
U.L 6. and is manufactured to ANSI CBO. 1, 
both of which have been adopted as Federal 
Specifications in lieu of WWC 581. 
Allied RIGID is recognized as an equ1pment 
grounding conductor by NEC Ar1ic1e·2so. 
Documef"\tation for compliance with NEC 
Article 250 is also available in the GEMI 
(Grounding anq ElectroM_agnetic Interference) 
analysis software and related research studies 
found at the ww.v.alfiedeg.com website. 
Installation of Rigid Metal ConduU shall 

be in accordanoo with the National Electrical 

•

e and U.L. General Information card #DYIX. 
er bundles conform.to NEMA standard RN2. 

~U:CTR!CAL GROUP 

Specifications 
SPECIFICATION DATA 

RIGID Metal Conduit shall be hot-dip 
galvanized steel equal to that 
manufactured by Allied Tube & Conduit 
Corporation. Threads shall be hot 
galvanized after cutting. RIGID shall be 
produced in accordance with U.L Safety 
Standard #6 and ANSI ceo. 1 and shall be 
listed by a nationally recognized testing 
laboratory with follow-up service. Where 

Kwlk-Couple RIGID is used it shall also 
meet UL Safety Standard #514·8. It 
is noted that these U.L standards have 
been adopted by the federal government 
and separate military specffica1ions no 
longer exist. 

For more Information, conlad Allied at {SOil) 882·5543. 
or 'o'is!l our vlebStte a1 wvr.v.allicdeg.com 

Weights and Dimensions tor Galvanized Rigid Tubing 

Trade Size Approx. Wt. • Per Nominal Outside Nominal 

Designator 100 Ft (30.5M) Diameter' Wall 
Thickness 

u.s. Metric lb. kg in. mm in. mm 

11'2 16 82 37.2 0.840 21.3 0.104 2.60 

314 21 109 49.4 1.050 26.7 0.107 2.70 

1 27 161 73.0 1.315 ·33.4 0.126 3.20 

,, l/4 35 218 98.9 1.660 422 0.133 3.t0 

H/2 41 263 11S.3 1.900 48"3 0.138 3.50 

2 53 350 ~2.375 60.3 0.146 3.70 

2·112 63 559 2.875 73.0 0.193 4.90 

3 79 727 329.7 3.500 88.9 0.205 5.20 

3-112 91 890 399.1 <1.000 101.6 0.215 5.50 

4 103 1030 467.1 4.500 114.3 0.225 5.70 

5 129 1400 634.9 5.563 141.3 0.245 6.20 

6 155 1a40 834.5 6.625 168.3 0.265 6.80 

• For mere mlormatlon only; not a spec requirement 

NOiE· Length= iO tt. (3.05m) wtth a 1olerance or +!· .25 in. (6.35mm). 
' NEMA Standard 

Weights and Dimensions for Kwik·Couple Rigid 

Trade Sf~e Approx. Wt. Per Nominal Out:slde Nominal 
Designator 100Ft. {3D.5M) Diameter' Wall 

Thickness' 

u.s. Metric lb. kg ln. mm in. mm 
2·U2 63 559 253.5 2875 73.0 0.193 4 90 

3 78 727 329.7 3.500 88.9 0.205 5.20 

3·112 91 880 3991 4.000 101.6 0.215 5.50 

4 103 1030 467.1 4.500 114.3 .~.225 5 70 

Quantity In 
Master Bundle 

ft. m 

2500 7625 

2000 6i0.0 

12:50 381.3 

900 274.5 

800 244.0 

600 183.0 

370 112.9 

300 91.5 

250 76.3 

200 61.0 

150 45.9 

100 30.5 

Quantity In 
Master Bundle 

fte m 

400 122e0 

300 91.5 

250 76.3 

200 61.0 

'Outside diameter IOierana;s: +I· .025 in. ( 64mm) 'For m!ormation only; not a spec reQuirement. 

q:1!1ff$&~ 
·~tr:tSOtH1;~ 

Ji<t~J.#Ul At$14 .ttlfU 

www .alliedeg.com 

• Allied Tube & Conduit • AFC Cable Systems• ·Cope" Cable Trey· Power-Strur Metal & Fiberglass Framing 



170 

Rigid Nonmetallic Conduit - Schedule 40 Elbows . : ': {' 

Schedule 40 Elbows Standard Radius 
Available in plain and integral belled end for use with nonmetallic solvent weld fittings. 

Item 
go• Elbow 

45• Elbow 

UA7Al.·CAA 
VA7AM 
UA7Atl 

I VA7AP 
UA7All 

lO" Elbow UASAD 

~ 
UA6AE 
UA6AF 
UA6AG 
UA6AH 
UA6AJ 
UA6AK 
UA6Al 
UA6AM 
UA6AN 
liA6AP 
UA6AR 

Integral 
Belled End 
Dimensions 

Trade 
Size 
It~• 

l/4' 

1" 
w.· 
Jl/1' 

Z" 
2lh' 
3. 

3'11" 
4. 

s· 
s· 

6" 
lh41 
l/4' ,. 
II!~· 

Pli* 
2" 

21fl" 
r 

llf<. 
4" 
s· 
s· 

A 

I At Entrance 
Max. I Min. 
.860 0.844 

!.(J14 1.0'S4 ! 
~~ 1J20 
!.689 1.665 

1.930 1.906 
1AOS 2.381 

2.905 2.a75 

l.S30 3.500 

4.0&5 3.955 
4.565 

5.543 5.543 

6.708 6.608 

Item I 
221/z• Elbow 

&~ R.....,_ 
Z2.S' i 

1 
1 

so 
15 11'/c• Elbow 

25 
zo l 

20 j 
10 
20 

11.25' R 

20 
4 
20 
5 
25 
10 
20 
20 

I 1 
1 1 

50 50 
25 15 
25 1 
21) 20 
25 1 
20 211 
I(} 20 
1 1 
1 l 
1 1 
1 
I 

8 ( 

At Bottom Socket Depth 
Max. I Min. Max. Min. 
0.844 0.828 1.500 0.652 

1.056 1.036 1.500 0.119 

1310 IJOO 1.875 0.!175 

!.667 1.643 2DOO 0.9311 

1.906 1.811.2 2.000 1.062 
lJSl 2357 2.000 U25 

2.883 2.853 3.000 !.469 

3.507 3.471 3.125 1.594 

4.007 3.977 3.250 1.687 

4.506 '·"'flm 5.583 5.523 1.931 

6.544 6.584 3.750 2.!25 . 

www.carlon.com 

Plain I End I 
Part No. 1 
UA5AD I 
UA5AE I 
UASAF 
UASAG ! 
UASAH 
UASAJ 
UA5M 

~ 
Hllm...."CC 

toUL65110 
compliaoo? 
\ll~NK 

® 
USTED 
E35297 

Belled 1 I Plain End I Belled End 
End 1 Std. Std. 

Part No. I Si:e Ctn. Qty. Ctn. Qty. 
- 'Jz" l -
- 1!4' l -
- t. 1 -
·- PI•' l -
- 11h. 1 -

UASAJB l 2" 25 l 
- 2111' l 20 -

UA5Al I UASAlB l 3' i 5 I 

UA5AM - 31/l. I -
UASAN l UASANB 4' l I 
IJASA.P I UASAPB 5' 1 t 
UASAR l UASARB 6" 1 1 
UA3AD - !fJ• 1 -
UA3Af - I I/< 1 -
UA3Af - 1' 1 -
OOAG - 1'14" 1 -
UA3A.H - Jilt' l -
UA3AJ - l* 1 -
UA3AK - 2112' 1 -
UA3A!. I - J' 1 -
UA3AM t UA3:1l8 

31/l* 1 -
UA3AN 4' l 1 

UA3AP - s· 1 -
UA3AR - s· I -

Standard Radius Elbow 
Dimensions 

A B ( 

Size II Min.sl Min. 
Radius 

lfj" .840 4" Jlli' 
l/,' UiSO 4111. 1111. 

1' 1.315 Slt4• Pill' 

11!4' 1.660 7114' 2' 

lllz" 1.900 lll/4' 2' 

r 2.375 91h' 2" 

2111" 2.B75 101/z* 3" 
3. 3.500 I 13" Jlft" 

3111" 4.000 15" 31f4' 
4' 4.500 w 33fa' 

s· 5.563 24* )3Js' 

6" 5.625 30" Jllc" 

• 

• 

• 
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,;~:~~~~ · Rigid Nonmetallic Conduit - Schedule 40 Elbows 

• 

• 

• 

Schedule 40 Elbows Special Radius 
*Consult factory for additional sizes/configurations 

End End 1 Radtus Std. I 
Plain I Belled ! . ! Plain End I End 

Segment Part No. 1 Part No. . 1 {in.) l Ctn. Qty.! 

go• Elbow UA9Cf UA3Cf8 
UA9DrS 

I.JA9EFB 

UA9CGB 

UA90G!! 

UA9EGB 

UA9FG!l 

UA9HG 

UA9CH UA90!!1 

UA9CKB 

UA90Kll-U!'C 

Uh9fi< UA9EKe 
UA9Fli:-11PC !JA9fKB 
UA9HK UA9H!(il 

UA9Cl UA9C!.8 
UA9Dl jlJA9DlB·U!'C 

UA9Et lJA9ElB 

: UA9Ft UA9HB 

UA9Hl UA9Hl8 
i UA9ll 

UA9DM UA9DM!l 

UA9EM UA9EMS 

UA9fM i UA9fMB 

UA9HM UA9HMS 

UA9EP 

UA9FP 
U.A9HP 
UA91P 

UA9HR 
UA9!R 

UA9KT 

UA9tPS 
UA9HPB 

UA91PS 

Segment 
45• Elbow 

www.carlon.com 

~ 
m tined m Ul G51 in 
compAance ro til! NEC 

® 
LISTED 
E35297 

1 

Plain 
End 

Part No. 

Belled ., j Plain End i Belled Endj 
End Nom.IRadius Std. ! Std. l 

Part No. Diam. {in.) Ctn. Qty.l Ctn. Qty. · 

UA7Cf 

UA7CH - llh' 18' ! 

UA70H 

UA7Ell 

UA7fH I U-'1FHS 

UA7HH -
UA78JB r !2' - l 

~ UAICJS 2' iS" 1 1 
~ ~UA~'W~IS~-2~.-+~2~4.-4---1~~~~~ 

UA7EJ UA7E.!B 2" 30' 1 1 

UA7fl UA7fJB 2" 36" l 

UA?Hl UA7lU8 2" 48' 1 

UA7SJ 2" 1sn· I 1 

UA7EK - 21/z' 30" ~ 

UAIFK UA7fKB 2lf1' .'W ~ 
UA7flK - 21f<" ·W l - . 

UA7Cl ! UA~~7CLB 3' 18' 1 1 i 

!JA7DU! 24' ~ 
UA7ElB 30' ' 

t-:...:.:..:..;~_;UA::.:7fl3 3' 35• _1_-1------l 
- UA 3" .ca· - 1 I 

UA70M - 3112" 24' 1 -

UA7EM - 31/l' 30"!=1 -
UA7FM I - 3112' 36' 1 -

UA70N IJA7DNB, 4' 24' 1 l 

UA7£N UA7ENB 4 • 30" 1 1 

UAifN UA7fN!l 4' 36" l l ~ 

UA7HN ~ 
- UA7NNB 

IJA7Sr. UAISNB 
UA7E? UA7fPB 5' 3()' 1 l 

lJA7fP UA7f!'B s• 36' 

UA71iP UA7HP8 5" 48' 

- UA71PB 5. 60" 

- UA711PB 5 • ! 120" 
- UA7SPB 5' 150' 

UAifR UA7fRS 6" I 36' 1 

IJA7HR:F7llRB 6. 48' 1 
UAm ----~_,_,..,s·_TWf 1 - 1 
UA7HT - s· ~+--~-+--_--! 

171 
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Rigid Nonmetallic Conduit - Schedule 40 Elbows · · . .. . · ~~';" 

Schedule 40 Elbows Special Radius 
~consult factory for additional sizes/configurations 

d j Plain 1 Belle I !Plain End<Be!!ed Endj 
. End ' End Nom. Radius I Std. Std. 

Segment Part No.I Part No. 1 Diam. (in.) 1 Ctn. Qty.l Clrt 
30• Elbow : UAGO I - 12" 18' 1 -

UA60J I UAGDJB 1' 24' I , 1 t ~· ~,. 2' 36' 1 I I 

~ UA5HJ I UA6H!S I 2' 
' 

48' 1 l 

UA6CK - 1111' 18" I -
·~- ! 2111' 24' I l - I 

- l 3. 18. 1 -
, UAWl UA50m 24' 1 ! 1 

UA6fl. IIA6RB 36" 1 l 

, UA6l!l UA5Hl8 I r 48' I 1 

UA60M - 3lfl. 24. l -
UA6fM - 31/J' 36' 1 -
UA!iHM I - 31f1' 48' l -
UA5DN 4' 24' 1 I -
UA6fN IJA6FNS 4' l6' 1 I 1 

1 UA6H!l 4' 48. I ! 1 

UA6fP UA6F1'8 s· 36' 1 1 

UA6HP UA5HPB s· 48' i 1 

UA5FR UA5FRB fi' 36' ' 1 

UA!iHR UA6HRB l 6' 48" 1 I l 

I Plain Belled I 1 Plain End' Belled Endj 
End End i N.om. Radius Std. , Std. 

Segment Part No. Part No. ! Dlam. (in.) Ctn. Qty. 1 Ctn. Qty. 
11114° Elbow UA30JB 2" 24. 1 25 

UA3fJB r 36' 1 1 

UAJHJ - I 2' 48" I -
R 

UA3HK - 21/l" 48' l -11.25' 
1 UA30l UA30lB 3' 14" , 1 

UA3Fl UA3RB 3" 36" 1 1 

UA3HL - 3. 48' 1 -
UAJOM - )lh" 2t" I -
UA3HM - 3111" 48' 1 -
UA3D'J UA3DNB 4" 14' 1 1 

UAJFU UAJFN!l 4' 36. 1 t 
- UA3SNB 4' 150" - ' l 

UA3Htl IJAJf!Ntf± 48. 1 1 

UA3FP UA3fPII 36" I I 

UA3HI' - s· 48. 1 -
UA3UPB 5' 24!1" - l 

UA3fR UA3FRB 6' 36' 1 1 
UA3HR I c· 48' 1 -
UA3FT - a· 36" 1 -
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UASHJ I 
UASVJ 

OOONS 
UASENB 
UASFNB 
UASHNB 

! - UASUPB 

UASVPB 

UASFR I UASfRB 

UASHR 

UAS!P. I 
UASRR 

UASSR 
UASVil 

UASFT 

UASH! 

<® 
tTUis!ed to Ut 651 in 
compflaOO! to the NEC 

r 48" 

2' 300" 
2l!;' w 
2lfl. 24" 

2lfl" 30' 

2112· 36. 
21fl' 48' 

r 18" 
3. 24' 

3' 30" 

r 36' 
48. 

.. .. 
4' 

4" 

4' 
4' 
4. 

60" 

s· 150" 

5' 240" 

s· Joo· 
6" 36" ! 
s· '8" 
6' 60" 
6. 144' 

® 
US TED 
E35297 

1 

1 

2S 
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Schedule 80 Elbows 
Standard Radius 
Available In plain enrl only for use with nonmetallic solvent weld fittings 

Item 

90" Elbow I.IU!U> - '17' I SO -

UB'iA!i - I l'h' 25 I 

tJMAN - ,. 1 I 
l!B9AP US~PS I s· ! 1 I 
UBSAR I 6' 1 

U81AP U87A?B 5' 
UB7AR 6' 

30' Elbow ua•~o so 

~ UB!~f-U!IiliG • 5 - , U66Al! 
UB6Al 
U!eAY. 
Ui!oAl 

ll86Al' - 5' l ! -

UB6AR - 6' l ! -

22~'12• Elbow t-u_as_AL-----,f----+-=-3'-+-..::.s-JIL-..:.-:.___J :Y& USSA/1 - I 4' I -

UBS.I\P !J3S:.P8 S' I 1 

Ft Elbow UB3Al - I :· 
~rU-U-AR--4------~~6.-

i j 
I 

Flexible PVC Elbows 
• ~l ~t!i lnr expil!Ed er.d d:100 burial 2p;1~'tl~.s 

1"- acmdzr.re ,..;!h Att!dt 356 of 200l MC 
• 0" • 90" ile11d1:g arul o'l£e: ~Jati001 
• O.r~~~g sel !or mo:m.n ti;ht ~uoos 
• Maina!ni roond shape !lmxlgllout ber.:! 
• Sunf.gh: lelSWlnl 

• ~~~ .... -all PVC and lieojll'l!lll! mal!'lil! 
• My ~ss~bled Md ~-w llSe 

Part I Std. I Std. Ctn., lenHth I (ln. Wt. 
No. 5ize Qty. (lbs.) , As::mLied 
UAFAO 112" 8 1.6 s.s· 
UAFAE lj,. 6 1.9 9.6" 

UAfAF 1" 6 2.4 1\Jt 

Special Radius I Plain IBel!ed 
Segment ~~~ lio. ~~~ No. 

90' Elbow UB9Cf 
UE9!lf 

~ 
Uo9H 
Ui!9t:f 
uas<:G 
US~ll:i 

R 

i 
UE9FG 
US9~G 

iJB9CH 
uagon.uK 
UB9>ri 
UBStlH 
UB9CJ 
089DHJPC 
I/S9FJ 
UB9iil 
US9CK 
U61DKA.I C 

UBSOl 
USSfl 
US~Hl 

uagDN 
IJS9f!J 
Uil3h!j 
UB9NN 
l!S9FP 
Ue9M~ 

UB9oP 
U39F~ 

US9Hll 
U~9.1 

45• Elbow UB7Cf 
\JS70F 

~ 
UB7ff 
UB7l<F 
ue7DG 
uem; 
UB7HG 

UB7llHS 
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35. 
48' 
14' 
36" 

Ill•· 
w~· 
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Corrosion Resistance of Carlon Schedule 40 
and Schedule 80 PVC Conduit and Fittings 
Carlon Schedule 40 and Schedule 80 are generally 
acceptable for use in environments containing the chemicals 
below. These environmental resistance ratings are based 
upon tests where the specimens were placed in complete 
submergence in the reagent listed. Schedule 40 and 
Schedule 80 can be used in many process areas where 

chemicals not on this list are manufactured or used because 
worker safety requirements dictate that any air presence or 
splashing be at a very low level. 

A«lh:Atid 0.20* B.r.;1AI~ 
A«tk Atid lO. )~ 6oryll'llencl 
A..'l!!k Add 3~% Sut;ll'llt 
.btic Add 8D'Ii SL'lylicAtid 
Aulk Add - Glaaul (altius 1!;14lfltt 
A(e!k AddYapa.'l Calwm Ca:boMte 
Attl)1tne Ca!dum Cid;)late 
Adlpi.:AOd Calct.mt Chlcride 
Alum calcl~m Hy:ltm!de 
~urn Cldlllde CMum H)'poc!lbite 
A!ll:!".in:lm Ruori* C.!l!bmN!l!lJlt 
AIUI:Ihum Hy.iro~dt Caio'.w.S!Mate 
Al.rTOOum Oqdlluflde Ca.-home Add 
AI:Jminum llllllllf CJ."bil.~ OlO~ Gas- VIet 
Al'.rmiiM!l Su!L!!l Ca-bon ~- Aqlmlus 
~.mmOflia.O!y Gas SGiunon 
A•n;norwJm Bi~ Ca1lon MOOOlide 
Am!nlllli.lrn carbvlloltt WIKPowb 
All1monitJm Chlaride Ca.JStic Soda 
A'l\'llQ!Wll'lllyd!!Wdt lS'!O Chlotal:iltitAI:id 
Ammcni-.w.M~e Cilhnal H)'li'a:e 
AmmooluJ!I ll1Ua:e Ch~DrW Gas lOry) 
Ant'l!!lllium Pl!l!~lf.lte Chlorl'le Gil (M!lisl) 
Amlllor.illm Pin;~- N~u:ral Cl-Jorin!Wa~ 
1\.'llmQI'.ium Sull.lt! ChlorilWI!c!tk: Add 
Amroilllium $ultide Chrom~Ail61\ 
A:nmilllium Thloc-;ana!e Ch:ll'!lic Ac;d I 0% 
~.,.;! i<lrollot Chmrr.k Aad )!)% 

A.'!!!nq~ Chromic And 40'1. 
Ar.~~WSui!Mfl:Add Chmmlc Aad SO'% 
Amnronr Tridlloride Cl!rkAdtl 
A;li~ Ccpper ChlQ<Ide 
~Add~ Cepper CyarJ~ 
Alylwllri: Add (Oppel fluori:i! 
!ladum Catllona tt Ccpper lfrtralt 
Saritii!ICh!o~ Ccpj:ierSII!Ii!! 
Ba:i.nn Hydroxide Co:~ Oil 
SaiumSul~ Cresy!u: Aod SO% 
!l&!hun Sulfide O.:d! Oil-S«r 
8e!>!- Sugil Liqls Crllde Oil- S'Wftl 
S!lU!ne Sullo Ilk Ac.d 10% !mn!l'l!'lll~Wattt 
a~v~:icAdd DeJ:uin 
l!Gm..:Jt CalbonJ!t Ommse 
B1.a<k U!jlllll (Papft Indus uyl Dogrlullc A:id 
Sltildi- 125'11. ActM! (!., O!~YmPr~~ 
Borax tL'r1l Alrobol 
5onc Acid Eth)lene Gtj«JJ 
BM! fittyA~ 
Br~ Ttllets -llilnf. Rsh ferric Chlondt 
Sro.11tt Atid !t'lk N•ttate 
Brorrune -Wale! Fetrk >utfllt 
!IU".aM Fetrom Chlllride 
Si!!al!.!!n! ftmou! Sul!at< 

If there are any questions for specific suitability in a 
given environment prototype samples should be 
tested under actual conditions. 

fllll!fme Gu -l'lel ~ur0111 tiJtnll~ Sodium Aruru:e 
flucmot Gas- Illy f,\6(l.'1'j Sodium llwolile 
fluOTobll!k Acid Metilj{ Sulfa !It ~urn Eicar!JoM'.e 
flilOIO'IIliO: Add Me!!I)'!Me ~i~ ScM 6isull'.1!t 
folmi!de.'lj'dt M•nmiOih ~Siscllile 
Formic Acid Natlh:hi!lene l.il.i!Jn Bltilllide 
fl~ llidel Chloride 5odi!Jm Chloral!! 
Galik Add liockel t:itt~!! So.iilrn chloride 
Gas - Cab: Oven N.trKAcid, All)'dtous Sodaln Cranidt 
Gas -l~!~:al (Illy) ll:tricAcid 20')1 Sodiwn~ 
Gas-Na;ura! !'.Vet) ll•trkAad40% Sodi\K!I ferrkyall!de 
Ga!Oiine-SGur ll!lrit Ad£160% Sodilll!l~ 
GwJ<'lf - Relined N~ Sodr.rmFI!II'Kide 
GIIK:os<! K!t'~US OJ:idt SoliMn Hyd!mide 
Glyten!le (Giymoll (';JundFats SolilJn ilj'padllooli 

'~ Oils- ~!deum- ~Type) Sod!<ln Nltra:t 
C.Jycol.:AI:id O!ticAI:iil Sodwmlf!llite 
Green l.iq;Jor (!'ape~ lnd.lstl1) O..fddd Sodium~ 
Hep!all!! P.lf'lllticAddl~ Sodium Sulfide 
flexar.o!, Termry 1\!Jchlnm Arid 10110 Sodium Sulfi:e 
l!)'d'l!!lro.-:Uc Acid loot. Ptl!.~.azine~ Sodium TlllosiA!aa lHJ1Xll 
Hyd:od\!;rk Acid 0%. 25'it Phosgene, G;n S!ir>N: Chlotii! 
HydrrxhJQric Aod 2S% • 4~ ~!phcti: Acid - \H5Jo Sla!'ll'la<IS Chlnridt 
H)'lltOC)'i'~Kkldlll i>blsDhotk Add - 25-~ SINIKAdd 
~Cyar..ide 1'1-J.l~'lcru Al.lll- 50-8.5'1!1 Sulfur 

l!jd:c.'lucritAdd 10'1. ~tographk Chtnolulls SI!Hw OklJtltl!>- Gas Dly 
Hydro~lidc Add l'latlng Solutions Sulfutttmidt 
llydt!l9fll Phm,\lllidt Fm.m~wnlllcarbonitl! Slllfurit Aci:j -O·lfl'io 
liydt~ iulfule- Illy l'll!asslum Biduo!nal1! Sulfuric Alit! -10.15% 
liyd!~ SUifid! - l'tltacium Bora~t Sll!!vrl( Acid- 73-90% 

Aqu!'OIIIS!ilulllll! Pol!liWm Bromlde Sulfurws And 
Hyd:oqllirulnf Po!al!lum Calbllna~t l'.wiitAdd 
il;'dmX}mine Sllll;lte l'lll<t£1um Chll!l'ldf Tafll1in!lliii'JCIJ 
k1Glne Plltatslum Chmmatt lattarit Acid 
~lit l'lll~rumC~ Ti Lanicm Tetradll!lridlo 
!..1Cil(Atid1S'Jo 1'11\lWiutn Oicbtoma:t Ir~mi'll.' 
!.ii!JlicAdd l'llwruun~nidl! lrimetlr¢ Prop.w 
l;;lll)'lo.bri!te l'lllJtllum Ferrocyillde lriiodlum Pllolphate 
Ulnyl S:Jlfatl1, Powli~m~ TIUJ)'.'!lline 
le.idAmal! 1\:tissl;nn H-jdn:>ide IIJU 
LimeS::lful i'lltalliiUTI Nll!llte V"megar 
l.ir~Arid i'cllWiutn Petboratt \\'!tiskey 
Li~O,I Potassium l'mblolilt \'All-.e ~~ (~ ~ttt~uwyl 
lu!lria\i:lg Oib Foli:I.SIIIm Ptrmangaoa~e 1~ ~ 
Mag.'ll'lium~e ~iuln 1\>Bulfate line Cllolidt! 
~ClliOiide i'ctmium Sulfa:e ZIIKC•.rtlmil:t 
Mag~ HjlirOI:Idt ~ Zinc Cyanide 
Magiii!Si<Jm Ni:rare fr~AicMol 2w: t~tnlte 
Mll!illHI.I!'ll S;Jilat! Si!id: Atitl Zll\c Slllfat& 
1.13ii!ICAdd Sl~,ott()'i!\ide 

~·alicMd Srlv!rllb"ate 
!.'!!WitCh~ Sill'l!r Plating~ 
Ml.'ltU!){ ()imide Slld,um Al:tlate 

www.carlon.com 

• 

• 

• 



e Suggested Format for 
Specifying Carlon Nonmetallic 

• 

• 

Condui~ Conduit Fittings and 
Junction Boxes 
A. The Carton rigid nonmetallic conduit system shall be installed 

as indicated on the drawings and as specified herein. 

B. All wiring shall be installed in Carlon rigid nonmetallic conduit 
All conduit shall be secured by means of proper fittings. All 
fittings shall be Carlon. 

C. Carlon outiet lmes, fittings and junction boxes shall be used 
for all outlets, pull boxes and junction points. (Lighting fixtures 
shall not be supported or hung from PVC junction boxes but be 
supported in position by other means.) 

D. Exposed conduits shall be mounted securely by suitable 
hangers or straps with the maximum spacing of points of 
supports not greater than indicated by Section 35230 of the 
NEC. 

E. Except where embedded in concrete or direct buried. Carlon 
conduit shalf be supported to permit adequate lineal 
movement to allow for expansion and contraction of conduit 
due to temperature change. 

F. For aboveground installations where temperature change in 
excess of 14°C (2SOF) Is antidpated, expansion joints shall 
be installed. See Table 352.44{A) NEC for expansion 
characteristiG. 

G. Proper care shall be taken when field bending is employed 
to maintain the internal diameter and wall thickness of the 
conduit 
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Rigid Nonmetallic Conduit - Schedule 40 ~' "":-~k 

Carlon® Rigid Nonmetallic Conduit (RNC), Fittings & Accessories e 
Carlon• manufactures the most complete line of nonmetallic 
conduits and fittings in the electrical industry. Carlon 
Schedule 40 and Schedule 80 conduits are designed for use 
aboveground and underground as described in the National 
Electrical Code. Specify only Carlon conduits and fittings to 
insure raceway system integrity. 

Featlrres 
Ease of Installation Nonmetallic conduits are 114 to 1/5 
the weight of metallic systems, can be installed in less than 
half the time, and are easily fabricated on the job. 

Safety Nonmetallic conduits are nonconductive, assuring a 
safe system. 

Impact Resistant Carlon Schedule 40 and Schedule 80 
nonmetallic conduits are resistant to sunlight and are listed 
for exposed or outdoor usage. The use of expansion fittings 
allows the system to expand and contract with temperature 
variations. 

Corrosion Resistant Carlon conduits and fittings are 
nonmetallic and will not rust or corrode. 
Carlon nonmetallic Schedule 40 and Schedule 80 conduits 
and elbows are manufactured to NEMA TC-2. Federal 
specification WC1094A and UL 651 specifications. Fittings 
are manufactured to NEMA TC-3, Federal specification 
we 1 094A and U L5148. Both conduit and fittings carry 
respective UL or ETl Listings and UL or ETL labels. 

Schedule 40 PVC Rigid Nonmetallic Conduit (RNC). 
(Heavy Wall EPC) 

~ 
Ht listed 

ro Ul65l in 
com~liaoce 
10 ti'.e 1/f( 

® 
US TED 
E35297 

listed for underground applications encased in concrete or direct burial. Also for use in 
exposed or concealed applications aboveground. I RUS Liste.d I 
• Sunlight resistant • Rated for use with go·c conductors • Superior 'Neathering characteristics 

With Integral Bell* 

Schedule 40 Heavy Wall 
Part No I I Std Crate Qty 1 Wt Per I Dimensions ' . ! 

l 10' ! 20' Nom. Size 10' I 20' I 100' 0.0. I r.o. Wall 
49005.010 lf2" 6000' 17 840~ .109 

49007·010 49007-020 l/4" 4400' 8800' n 1.050 24 .113 

49008·010 49008-020 ,. 3600' 7200' 34 1.315 .133 
49009·010 49oo9-ozo 1 1114" 3300' 6600' 46 1.660 1.380 .140 

49o1o-o1o 1 49o1o-o2o 1112" 2250' 4500' 55 1.900 1.61{) .145 
49011-010 49011-020 z· 1400' I 2800' 73 2.375 2.067 .154 
49012.010 49012·020 21/r 930' 1860' 124 2.875 2.469 ~ 
4901Hl10 49013-020 3" 880' i760' = 163 3.5~ .216 

l 49014.010 49014-()20 3112• 630' 1260' 196 4.000 126 .___ 
I 49015·010 49015-020 4" 570' 1140' 232 • 4.500 4.026 .l37 

49016-010 49016-020 5" 380' 760' 315 5.563 5.047 .258 

! 49017-010 49017-020 6" 260' 520' 409 6.625 6.065 .280 
. ' '" R19id noome!alli!: condlll!rs oormally supplied m stamlaro 10 lengtlls, WJlh en~ belled tt~!l per length. For sp«ifk req:urt'lllenl5.ol may be 

p!OOUted in lengths mortef orl!JI\gtr !han 10', Wl!b Oi WltnOOl ~lied eflds. 

Use RNC Fittings with Schedule 40 
and Schedule 80 Conduit. 

Notes: 1. S~cia! f1ttings and wnduit sizes wilt be quoted on request 
2. DON'T FORGET ro ORDER CEMENT. 
3. Carlon reserves the right to ship to the nearest Wilttzed quantity. 
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• 

• 



• 

• 

• 

,t_/'-_ Rigid Nonmetallic Conduit - Schedule 80 

Schedule 80 PVC Rigid Nonmetallic Conduit (RNC) @» ® 
(Extra Heavy Wall EPC-80) ntl.is~ LISTED 

lllUL6j1 in E35297 
rompllaOO! 

Usted for use in aboveground and belowground applications that are subject to physical damage. tot!ll!Ni:C 

• Sunlight resistant • Rated for use with go·c conductors • Superior weathering characteristics 
• For use in areas subject to physical damage RUS Listed 

Wilh tntegral Bell* Schedule 80 Extra Heavy \Vall 
Part No. 

(Nom. Size 10' 20' 10' Wall 
49405-020 1/2' .147 
49407-020 3(4' 4400' .154 
49408-020 1" 3600' .179 
49409-020 111~- 3300' .191 

49410-010 49410-020 P/2· 2250' .200 
49411·010 49411-020 2" 1400' .218 
49412·010 49412-020 211r 930' .276 
49413-010 49413-020 3" 880' 1760' 210 3.500 .300 
49415·010 49415·020 4. 570' 1140' 308 4.500 .337 
49416-010 s· 380' 428 5.563 4.813 .375 
49417-010 I 49417·020 6" 160' 520' 588 6.625 5.761 4.32 

R191:i noo~tallic coodwt 1S nc.rma!fy supplied in staod3!d !0' lenglhs. wr.h ooe belied end j)l!'r length. For Sp!!<lf!!: o:quiremem:s. 11 may be 
piodv'Cl!d m 1efl9lhs shorter Of longer man 10', wim or v.'!lhoo: belied ends. 

Use RNC Fittings with Schedule 40 
and Schedule 80 Conduit. 

Notes: 1. Special fittmgs and conduit sizes will be quoted on request 
2. DON'T FORGET TO ORDER CEMENT. 
3. Carlon reserves the nghtto ship to the nean;st umtm:d quantity. 

Support of Carlon Rigid Nonmetallic Conduit 
in Aboveground Installations 
Table 352.30(8) NEC shows the support requirements for Schedule 
40 and Schedule 80 rigid PVC nonmetallic conduit. 
Plastic conduit should always be installed away from steam lines, 
etc. Support straps should allow for lineal movement caused by 
expansion and contraction. 
Maximum ambient temperature is 1 22°F (50°(). 

Table 352.30(B ), NEC 
Trade l Maximum Spacin~ Between 
Size Supports ( eet) 

1tJ.· 1 3 
11!4. 2 5 
21/2. 3 6 
3'/2. 5 7 

6 B 

Acceptable Dimensions in Inches of Integral Bell per UL 65 J 

T 
1 I Trade 

Size 
1/2 
3f!, 

1 
Jl/4 
1112 
2 

21/2 
3 

31/2 
4 
5 
6 

I At Entr:nce (in.) I B c 
At Bottom (in.) Nominal Bell 

Maximum Minimum Maximum Minimum Depth (in.) 
I 0.860 0.844 0.844 0.828 1.375 
I 1.074 1.054 I 1.056 1.036 1.500 

1.340 1.320 1.320 1.300 1.750 
1.689 1.665 1.667 1.643 I 1.875 I 

1.930 1.906 1.906 1.881 2.750 

Fr 2.381 1.381 2.357 3.250 
905 2.875 2.883 2.853 3.250 
530 3.500 3.507 3.477 I 1875 

4.065 3.965 4.007 3.977 3.875 

' 
4.565 4.465 4.506 4.476 4.625 
5.643 5.543 5.583 5.523 5.625 

! 6.708 6.608 6.644 6.584 6J75 
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Typical Properties of Conduit Raw Material Compound 
Jhermal l ! ASTM I Typical 

' 
Test Values 

i Co-efficient of Thermal Expansion-inchlind1rF 0696 3.3h 1o·s 
l (properties @ 73.4°F} l 
I Heat Distortion "F at 264 psi 0648 J60"F 

I Thermal Conductivity BTU (hr.) (ft.) (qFiln.) NJA 1.3 

Mechanical ASTMTest I Typical Values 
Soe<!flc Gravitv 0192 -r 1.43 ·1.6 
Tensile Strength (psi) @ 73.4°F i 0638 I 5,000-6.500 
lzod Impact ft lbs.Jin. of notdl I 0256 0.65 ·1.5 
Flexural Strength !psi) 0790 12,500 
Compressive Stren<nh (psi) 0695 9,000 
Hardness (Ourometer D) 02240 85 

Electrical 
I 

ASTM I Typical 
Test Values 

I Oielectrical Strength voltslmR 0149 110.:1 

' 
Dielectric Constant 60 CPS@ 3o•c 0150 4.00 

I i'o\ver Factor 60 CPS @ 30"C 0150 1.93 

1290% 80% 
P.F. P.f. 

Steel Conduit .0136 .0142 .OllB 

Schedule 40" .{)105 .0121 .0122 

Using250 KCmi! Cu. coni!uctot comparab:e 1'alues lot other condliCtO! mes. 

Wrre Fill 
!vlaximum number of conductors in Schedule 40 PVC conduit 
lil.i>ed >:m 1.:1-l~ i. Cha,'l'.r. 9 of ti-c !\'ECI 

Type 
Lette11 I Cos!:"' I 

loi~MCM II: 

14 l3 
u 10 
Ill 6 
8 J 

l I 

Trade Size 
11, I 111< I'll 2 ! 2111 

24 39 69 ~ 154 
18 19 51 79 114 ~~ 

ll 18 31 44 13 ~~ 160 
5 9 li 22 36 51 71 11)6 130 

7 16 121 35 47 6() 75 9J ! 1l7 236 
6 II 15 16 , 31 57 76193 125 IS4 

'EP 6 13 ! IS !9 39 51 64 90 I !16 ]01 
,14 thlll 2) ~ II I I 43 54 61 97 169 
Hl'll 3 ~ l 495972125 
!14thru B) ~.,..110-:--!--+-'-+-'--1--'3-!-.:...;...;;..7 ...;....:.1() ..;:::..-r-:;33,..,_.:4::-l+.:61:.+.'10:;J5 

PFA V!l 5 8 28 35 51 liS 
041hru 410) liD ~ I 23 29 Q 73 
p<AJ1 41tl v )$ 61 
(14 !hru 4/ll) ;--..,25-0 ---i-+-~-'-+-'-1--"--1-~-+j-' ~~;..r..;,;.,;..o+l, ,:::28+=-:9~ 
l 300 , 13 11 ~4 ~1 

(!4 tl1t1l 410) m 2 1 n 1s 21 31 
400 1 / 5 B 10 l3 ! 19 H 

XHHW 5il0 I I I 4 7 9 ll 16 27 
(4!hru 
SOOMCMJ 600 !I 3 4 S 1 913 2l 

100 I 45 6SilU 
150 11 14671119 
6 s n 21 3o 47 n: e1 102 m ;ss 120 

600 I l 3 t 5 7 9 13 22 
700 11 4!5 

~~ 1 1 3 4 

Weight 
Comparison 
Carlon Schedule 40:!1 
ri 2id nonmetallic 
conduit compared 10 
other rigid conduit in 
pounds per I 00 feet 
(:~pprox.) 

6 
6 

ll 19 
10 18 

~1ax.imum number of conductors in Schedule SO PVC conduit 
!BJStJ or. T:.!:lc !. Ompttt 9 of :lit I\'EC1 

n4uclor Sit~ '! 
WCi, MCM 

ll 

10 

4 

3 

000 THW 

0000 THW 

THHN 

THill/ 

3SO 
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Corrosion Resistance of Carlon Schedule 40 
and Schedule 80 PVC Conduit and Fittings 
Carlon Schedule 40 and Schedule 80 are generally 
acceptable for use in environments containing the chemicals 
below. These environmental resistance ratings are based 
.upon tests where the specimens were placed in complete 
submergence in the reagent listed. Schedule 40 and 
Schedule 80 can be used in many process areas where 

chemicals not on this list are manufactured or used because 
worker safety requirements dictate that any air presence or 
splashing be at a very low level. 

AC~l>r Aod 0·20')1; 6111)1 Alcohol 
Aal!X Add l(l.J(l'!l. a~tyl Pner.cl 
Allltlt Atid 30·~ Butylene 
A.a!tit Atid so~ autyric Acld 
A:e:k Add- Gladdl Cakr.1rn BiMI'rla 
A.a!tlc Arid Vapor; Caloum Ci~t! 
A.a!!)Wne Cildam Cl!lorate 
Mpl(Aod CakrJm ChlooG! 
~Jan Calw.n Hydr~ 
:Jummn Chloridi c.altium~w 
AL;minum fiU«idt C..ld.m lii!ril! 
.lJ-.m~inllm Hydttu~~ Cilci:Jm Su!l•!i! 
Ahomr- Oxychloride Citbonic Add 
Atumkwm tltrate Citbon Dia:dde G.s - WI!! 
1\!umi:lumSulf~:e Urbo~ 01\Wd~-Aljui!OI!$ 

AlnmooiHJ!y Gas Sollll1011 
A.T.mlltl!um SlfllJMde Ca1Nnl.lo.'l0dde 
A:nmoM!m Cirbona!i! ca~stic Pow~ 

A:r.mCM:m O:lorick! Caasli< Sodo 
A:nlllllllMr. Hyd-.rode 2810 Chloo!U!tk Arid 
Ammllllil:'ll Me!Jillwl!lhalt Clllotiil H)'oi'ate 
At"':'!monium Nitrate G.klrioo Gas \D!y) 
Am:noM!m Pmul!ate Chlo<!ne Ge5 (Molit) 
AmmilM!m l'llo;pllate- ~l!al v.kl~Waze 
A-111\0.Wm Sulfate Clllorosullil'llc Acid 
Am!n001um ~ulfide O.Jomt AM: 
Ammonium fniocywte Cl>ron:IC At..d ! fl'it 
Allr,~ 4koilol Chrom:c Add 30'!fo 
Mlhlaquinr..!ll! Chrornic Add~"' 
Anlhrtqllil\4!1tllllfllllic Add Cllromk Arid 50'4 
Anl•mMJ Tncttlllride Ol!!tAdd 
AqaaReg1a (rJI)pE'I Cl!loruie 
~Atidiitl% Ov,lfl('t Cya."Jidc 
Ary~Ww Add Copper Fluoode 
Bit'111!11Cithw!f Cllpllff Nrtr;~:e 
!!iriUlll Cblotlth Cq;>tfSIJlia:e 
Barium 11-fdtox.de Cl:ttcnse«! 00 
tl.s:iumSullatt Uesy!IC Aod 5;.,"'% 
!lariat~~ Sulfid~ Cr.ld! 011- Soot 
e~t- Sugar LitiiiOf Crude Oil-~~ 
hr.:tnt! Slllionk Arid 10% Otminerafiztd Wale!' 
Ben!llii:Aci:l !lnt:i.'l 
Bivnuth~tt Dtruost 
&lad: liquor(~~ lllli.!stry) O!glycclic kid 
f!ltad\ -12.S'Jio Aruve Ct. Oilodtw111'bosphl!tt 
Bolax Etlr,i Alco.'lol 
Boric Acid Etl;yler~ Glycol 
Btine fat!)' Acl:ls 
B<eedfr ~o; -Dine. fish Fttric Chb!i~ 
Bromlt:Aad fttric 11111'11!! 
Sromllli!-Wate fttrk Sulfa:e 
lllllillll' ~Chloridt 
B<tJtdi®e ffiroo1S..Ki!t 

If there are any questions for specific suitability in a 
given environment, prototype samples should be 
tested under actual conditions. 

AvQtin~ Gas - Vht MMMOII1 !iltlll! Sc<hum l-'W!i!~ 
Fl~>erk>e Gas - Oty Mmury Sildium llsma!e 
RuorO:X.:!.t Add Metl>f Sulfatt Slldium Bkartlcnaa: 
Auoro-Jlkx Acid Melh;,ielll' Chlcdde Sodr.JC Slsul!a tr 
ftlrmu~ M~raiOik ~aisllffire 
FomtitAOO !l~tllileoo Si:Hf!lJ!"l !rom ide 
F1uclos~ Nid!!~ Sodium Clllorate 
GalllcAcid Nkl:!ll.~l!a!f Sodour.1 Clllod:P 
Cias-CO>.tOVen lliw.Aod. ¥cu. SoOO:ICp~ 

GM -rl~runt fllrrl tl>lricAdd20% SOdium lliclltom<!lJ! 
Qs -lllll.irall\'1~1) N1!licAdd ~O'll 5odiu1:l ffflit)'3lliile 
Gasafine - Sour ll:l!k Acicl6fl'it ~ l'!!l'llllf'.nid!; 
Gatcli,'le - Relined ll.tr~nz~ Sodwn FllJo<m 
Ghli:ast llillo..'!Odde Sodium~ 
Gtiten:l! tG~t~l O~andfits SOdilJM~l! 
Glyto! o,t,- !'mlleum-(m ij'p(') ~r.illalf 
CitycollcA:!.1 OlatAtid Sodiun Nilme 
Gr~ !..iqilr;< (~ lnlfJ'llly) Oxak:Add SodilJM S\llfall! 
H<P1810! Palmitic Add lO'It Sr.dlurn Sui~ 
iie:w.c~ fm.iary i't'rthlark Add I~ 5odn1m S..lfitf 
H)~tobro:r.ii:Acld 20'/o Pllerr1ilr~ ti}'dl'odlloridi! Sodium ~'fate (llypo) 
H;'d:ochlorlt Add 0'10 • 25'10 ~l'.Ga-i Sta'\!lit Chl:!ridt 
Hydrod\l:;fl( Acid 2S'Io • (0'/o ~icAcid-().m• StslltlOOSChkri~ 
Ji)-d~1k Atid or i'!'I)~IC Atid -ls-50% SteantA~~ 
lt~Cyl!llfde Phosphorit Aad - 5().,6S'!io Sulfur 

Hydro'lo~o:k Add 10'.0 Pilatograp!Uc Chemkab Sulfur Oi~ • Gas Illy 
Hydro~;;oro>ilitK Arid l'lating Solullons Sulfwl'Mxide 
~rogi'<ll'IIO~ l'ol.asUII.-n S.arbo!U!f S..lfuric~-().1~ 
H)'l!togen Sulfide- tlry Pb:eswm Sl!hrcma:e Sulf!PlC ~- !0. 75% 
li'~ag€11 Suffi~ - l'o~mBorile swmAcid- 7S·9n% 
~Sollruon Pcwwme:om~ SulfUICMAcill 

liydrC!QIIi:IOilt l'l>Tlnlium Cl!IDO!l.lte llllmlt Acid 
liydloxylamme S!Jlline lllt<mt.JI!t Ol~id« l~'lllir9~ 
t!KJine l'otaWwn Clmlma:t ram:ttl\tid 
kmsene Fotalllllm Cy-.nhla Titanium l!ttad>lorl!ft 
LiiakAI:Jd2~ l'll:an!unlllichlornB".t TllEl!lanOOm 
LilulltAtid Fo!aSSium fmi~ lrimelh~ Propa:.e 
lat.j1~ fc!Mslum feonocyanidi! Tns.odiJIII Phosp:ha:e 
~Sulla>.e l'otmium fluoride f\JTj)('lltW 
!.fad Al:eli!t Pb:.JIIIlillltl)'d'®di! IJreo 
U;ne s..:!u• Po~N1tnte' V"llleg.ll 
UnoleocAti~ Pbll!ssium ~te .... ,.~ 
!.!~~Oil !'llli!ssium Perchlorit! \'/lli!R ljq:£1 {Pallet lnd.lstryi 
i.llhtkatmg Oik l'llli!Slilllll l'ertn.atll)ln!tt fO'Ii. Willi!!. 
Msg!!ai~l'l urboo.i!te i'!l!nwm Pmulfa:r lint Ci"dctidt 
Magne;lum CNoride Pola$liu:n Suliate li!l( Olta.'llatt 
Milg~ H)'dtOXIde Ptopane Zml: Cyarudt 
Mag~IJitr.:t I'IO!lyl Alalld Zilll: 'hmr.e 
Mag~ Sl.fta:a SiSti! Add llnl:~fall> 
Malfklldd SiMf Cyanide 
Ma!kAcid Sllvfr ll•trale 
Mercuri<:~ ~ l'btmg Solutions 
Mmun: C}'i'llde Sodiil!ll Ateta~e 

www.carlon.com 
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Ocalp 
OCAl-BlUE Steel Conduit 

• The conduit is PVC Coated Steel. 

• Blue urethane coating over threads 

• A minimum .040. ( 40 mil} PVC coating an the exterior. 

• A nominal .007 (2 mil) blue urethane on the interior. 

• Color coded thread protectors. 

• Couplings shipped with conduit are packaged separately. 

Outsit:le Outside Nominal Nlll!linal 
Size Diameter Diameter Wall Thiclr.Jress Waft Thldmi!Si 

Inches Steel Only WilhPVC Steef Only WllhPVC 
Metric Sin Inches lncha I11Gba lln:bn 
DI!Sign<Jitll' • Milllmetm Mllliml!b!rs Millimeters Mlllimetel'S 

~ .ll4D .920 .104 .144 
16 21.3 23.3 2.&4 3.556 

~ Jt 1.050 1.130 .107 2.71 
2J 26} ZB.7 2..7'! 3.13 

-----7 1 1.315 1.395 .126 .166 
27 33.4 35.4 310 4.21 

1'.1 UiG!l 1.740 .133 .173 
35 422 44.1 l37 4.3!1 

, m uoo 1.980 .139 .178 
41 JB.3 501 35ll 4..52 

--:':> 2 2.37S 2.455 .146 .186 
5J 60.3 62.3 3.10 4.ri 
~ 2.875 2.95-5 .193 .233 
63 73.0 15.0 4.90 5.91 

3 3.500 3.580 .!OS .245 
78 SM 00.9 52{) 622 

3}\ 4.000 4.030 .215 .155 
91 10t6 1016 5.45 6A7 

4 .11.500 4.580 .225 .265 
103 114.3 116.3 5.71 6.73 

5 5.563 5.643 .245 .285 
129 141.3 143.3 6.22 123 

6 6.625 6.705 .266 .3ll6 
155 16!!3 170.3 li.7S .117 

NOlie -l:~wes aru PW1~ !lld:Z~ m bt\d ~~ lyPt 
Mtrr~ measure iSdhe:;Uy!re'l11\'~·o l!:f ~ 

• MS!I<C size ils<ljlli!'at {ANSI C!l.O 1· i994) 

Item Size Material Color 

COND % .. Q 
-1 -, 

SA= Aluminum -G=Gray 
Blank = Steel -R =Red 

·W=White 
·B .,Bfue 
• Custom Colors Available 

~6£,Wt 

h t: .. · (JJYY!o ... ~.rs 
. ' . . B1iz (!la:v 

-~{IG~ FfJ~»'...f 

a£8fJe 
Mlf-J(i,:.;' 
f1l /J--8t.>V(; 

£1,1/ /, 2.. ,.:-4._.$'" 

I 

I 
I 

~ 

I -/AJo ~ 
II 

+{e:z) ~ 
' 

r~omlnal Minimum 
Inside Cross SI!"Cllon lenglh Wilha\Jl Weight 

Diameter Anla in Square Couplings PerFDDI 
Inches locbe• Fut l'aUDdl 

Millirnetets Millimefi!I'S IY.cti!I'S Kllllgrams 

.632 .304 9'1114" .19 
15.1 7.72 3.()3 35.83 

.836 .533 9'11.W' 1.0S 
21.2" 1353 3Al ~1.63 

1.063 .864 9'11" 1.53 
21JJ '21.94 .31!2 5'9.40 

1.394 1.495 9'11" Z.01 
354 3797 302 9l17 

1.624 %.036 9" n• 2.40 
41.2 51.71 3.02 112.!!.5 

2..0113 3.355 ,.,,. !.32 
5(.9 65.21 3.(12 15D.6ll 

2.489 4.788 9' 10'H' 5.2.1 
63.2 121.61 3.01 23905 

3.090 7.393 9'10ii" U3 
78.5 187.7& 3.01 30S.G3 

3.$1 9.866 9' 10\;1" 9.31 
90.7 250.59 3.00 376.94 

4.05 12.730 9' 1014" 9.73 
102.9 32134 3:00 441.04 

5.07! 20.006 9' 10" 13.14 
128.9 5Ci15 3.00 595J!.S 

6.093 28.891 !I' 111'" 11.46 
154.8 733.83 3.1JD 791.67 

(De CERTIFIED 
Fife 110787 

:;; .. 
~H*WW'l!!l~~-l ::li! 

• 

• 
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Deal· 
OCAL-BLUE Couplings 

• Alt couplings are coated with a nominal .002" (2 mil) blue urethane on the interior . 
• A minimum .040" ( 40 mil) PVC coating is bonded to the exterior. 

• Couplings have straight threads. not tapered. 

• Molded ribs on outer coating. 
• Couplings have pressure-sealing sleeves to protect the connection • 

. OCAL-BLUE Couplings ... 

Item 

1 
f1 

1~ 

as 

I 
-~ 

CPL 

MlniNunt 
Lenglbd 

Melli. 
flclleS 
~ 

U~2 
sir.91 

~ 
~t' "F 

1JIDII 
4841 

1.906 
4841 

1.937 
(919 

4!.811 
; 11' ~Ul ~ 

U31 
7098 

U!M 
7aS8 
U18 
eo:m 
S.J74 

'" U'SJ 
~ •.. 

Size Material 

T 
SA • Aluminum 

Bla .. Steel 

1tltiJ 
MmMm l.etlglh 
InclUding Sleelle 

fadla 
Milll'tnebn 

3.7500 -- .. 
3.7500 
9US 

-;-- """· 

Color 

·G 
I 

-G• Gray 
-R•Red 

5.5000 
13970 

5.750G 
t46.m 
5.9370 
150.79 

6.8710 
74Jt1;c '} •. 

7.0310 
17858 

7.0$40 
1S01B 

7.1110 
1stS7' 

1.!740 
t81,2f 

l.G'JI 
' JV 

·W=White 
·lhBiue 

• CUstom Colors Available 

Welghlln 
Poua 
~ 

0.13 • 
0.11 
0.85 

.0:.\Q• 
· ~ 

0.4! 
.1R3 
0.56 
252 

0.71 
~ 

1.15 
$ .' 
1.70 
1213 

1.78 
1.M 

3.08 
13116 

6.00 
usa 
1.110 

Thomas&Betts 



Deal· 
OCAL-BLUE Elbows 

OCAL-BLUE Standard and Radius Elbows 

OCAL-BLUE standard and large radius elbows are factory bent to reduce the time 
and wasted materials that can result from fie!o bending. 

• OCAL·BLUE elbows are fabricated lrom OCAL coated conduit. 

• Standard radiuses in 30? 45~ 60? and go• are available for immediate shipment. 

• Special rad1uses and degrees not listed are aiso available upon request. 

• Colo~ coded Ihread pro!ec\ots. 

--7--------~--------
~----------~----------~------------~------------~------------~-------------

Large Radius Elbows 
Sile Radius •sr 

MWicSize 
lm:hll'S Designalar' fm:h(!$ Mill~ 

1·2Wmc:. 21·63 12 30•tS 

I· J'fn;;l. 11·18 15 381.0 

1 · 4"m:l 21· 1C3 IS 4511 

1· s· in>l. 27 • t?S 24 600$ 

1 6"lnct '0·1$ 30 7620 

i ·6' incl. 11·155 36 91H 

1 ·6" Uli::. 27-1$ 42 10®.8 

! . 6' illd 'E. 155 48 mu 
2\li·fi!lld. 53·1S 50 1524.0 

Standard Radius 

Off5et "c- I SUalglrl End ~o~ I Unl:lent !.e1lg1h 

Indies MlllimOICTS I lndms MilllmOII!I'S Incites Millimeters 

nr 5334 9" 2286 3'!r !114.~ 

2'fl' 609.6 9' 226.& 3'it 11166.8 

7:4' 7112 10' 2540 4'()" 121!12 

2' n· ll$.0 11. 21SJ.4 flf IM!BJi 

n· 10Cl.4 11" 27!1.~ 5'9" 171.\2.6 

3'11' 11!tl8 11' 2i!H o'o 19a1.2 

4'6" 1311.5 I 12' 31)46 T6" moo 
S'O' 15240 iT 31148 s-s· 2500.8 

110' 18286 I( J.O.IS i 9'10' 2S'}1,, 

Large Radius I ll¢111 --":'~-ite~~---(lnc!>es=-Rruf-::lus._) ----~--·--Ma-!M_l_lii ____ Colcf ___ , 

jLBELL 4 X 36 X 

I 
T 

ll•311' SA•~ 
45'l'.U"' ~c.$b::d 
®• GO" 

EIW•lill' 

• 

• 
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Deal· 
OCAL·BLUE Double-Coat GUA Series Conduit Bodies 

GUA series conduit bodies are installed within hazardous area locations to 
protect conductors in 1hreaded rigid conduit. act as pull and splice boxes. 
provide access to conductors for maintenance and future system changes. act 
as mounting outlets for iix!ures (with proper covers). or change conduit direction. 

• Double coated with a nominal .002" {2 mil) blue urethane on both the interior 
and exterior. before PVC coating is applied. 

• A minimum .040 {40 mH) PVC coaling is bonded to the exterior. 

• OCAL pressure-sealing sleeves on all threaded hubs . 

. . 
:conauit Bodies · ' •.v f "' 

.. . . . . ¥~... • )'" . , •' 
' .. ·:-- -. .. ..-< . •. .. 

Conduit Sire 

Metric Size Cover 
Indies Designator • Opening GUA 

~ 1& 2 GUA14 

~ 21 2 GUA24 

!4 Hi l GUA16 

~ 21 3 GUA21l 

1 27 3 GUA36 

1 27 Jii -
1'.-1 :l:i 3;; GUA47 

~~ 35 5 -
1~ 41 li GUAS9 

2 53 '5, -
• Mark: slm casigna!OI (A'4S! CS0 1·1994j. 

GUAC 

Cat. No. Color Manufacturer 

LB17 ·G 
I -, 

-G =Gray Blank= T&B 
• R "' Red 1 = Other Manufacwrer 
-W=White 
-B =Blue 

• Custom Colors Available 

GUAC GUAT 

GUAC14 GUAT14 

GUAC24 GUAT24 

GUAC16 GUAT16 

GUAC26 GUAT26 

GUAC36 GUAT36 

- GUAT37 

GUAC47 GUAT47 

GUAC49 GUAT49 

GUAC59 GU~TS9 

G!JAC69 G.UAT69 

(Fittings shown uncoaled} 

GUAT 

Type 

. 

Cover 
GUAX GUAB Only 

GUAX14 GUAB14 GUA04 

GUAX24 GUAB24 GUA04 

GUAX16 GUAB16 GUAOS 

GUAX26 GUAEI26 GUAot; 

GUAX36 GUAB36 GUA06 

GUAX37 - GUA07 

GUAX47 GUA£147 GUA07 

GUAX49 - GUA09 

GUAX59 GUAB59 GUA09 

GUAX69 GUA869' GUA09 

GUAX 

Thomas&Betts 



Ocalv 
Straps 

OCAL Clamp Back Spacers • • .040" (40 mil) PVC coating. 

• Used with one-hole straps as spacers. 

Clamp Ba.ci Spacers , 
.. 

" ,; "'~ t . . · . . .. 
Pipe Size 

Metric Sizo 
Inches Designator" cat. No. 

~ tG BACKCI.AMP 112 

;I 21 BACKCLAMP 314 

1 27 BACKCI.AMP1 

l'A 35 BACKCL.AMP1·1/4 

1~ 41 BACKCI.AMPM/2 

2 sa BACKP!-AMP2 
21-2 63 BACI<CLAMP2-1/2 

3 18 BACKCLAMP3 

3\i 91 BACKCLAMP3-1/2 

4 103 BACKCLAMP4 

OCAL Pipe Straps • • .040' (40 mil) PVC coating. 

• Sized to allow for the extra coaling thickness 

• Used to support OCAL-BLUE conduit on walls and structures. 

Pipe Straps -. . 

Pipe Size 

Metrit Site One Hole Two Hole 
I nella Designator• Malleable Stamped 

* 16 1KMS1/2 !HS112 

~ .'21 111Ms3J4 2Hs314 
1 21 1KMS1 2IIS1 

114 as 1HM~·1/4 2HS1-1/4 

• 1~ '-1.1 1HMS1·1/2 2HS1·112 

2 53 ·1HMS2 211S2 

2~ 63 1HMS2·112 211S2·112 

3 78 1HMS3 2HS3 

317 91 1HMS3·112 2HS3·112 

4 103 1KMS4 2HS4 

Cat. No. Color 

BACKCLAMP1 ·G 
-,- l 

-G "'Gray. ·R " Red. ·W =White, ·B ,. Blue I 
• CUstom Cohn Available • 

Thomas&Betts 



Oca/G 
OCAL-BLUE Double-Coat Hubs and Split Couplings 

• 

HUB 

OCAL-BLUE Double-Coat Hubs 

• Coated with a nominal .002" (2 mil) blue urethane on the interior, before PVC coating 
is applied. 

• A minimum .040' ( 40 mil) PVC coating is bonded to the exterior. 

• Pressure-sealing sleeves to protect the connection. 

Knocl{oiJtfluos · · :''· •·. ·. ' · .. .,., :· ~ .;:_• .... ;;, ,t ~ 
. . : , . 

" -... . ,. ~ ~ - 1• ~ • ; '•. '•. .. 
Pipe Size Hub STG STTB STTTB 

Inches Metric Size DesignatorS Cat. No. caL No. Cilt.No. Cat. No. 

Standard Hub __.. ~ 

* 
15 HUB112 

21 HU8314 

STG1 STTB1 STITB1 

STG2 STTB2 STTTB2 

• 
·~~alive sealing ring and groove. 
gonal body and locknut design. 

• '""1.1/a/ed throat. 
• Sharper and deeper teeth. 

• 
TCC 

Sp!it Coupling 

-..;. 1 27 HUB1 STG3 STTB3 STITB3 

1'.& 35 HUB1·1/4 STG4 STTB4 STITB4 

Hi 41 HUB1·112 STGS STTBS STTTBS 

2 53 HUS2 STGG 'STIBG .STTTS'G 

2~ 63 HUB2-112 STG7 STIB7 -
3 78 HUB3 STG8 STTB8 -
3Yz 91 HUB3-1/2 STG9 STTB9 

100 HUB4 STG10 STTB10 

5 129 HUBS STG11 STTB11 

[i 155 HUB6 STG12 STTB12 

OCAL-BLUE Double-Coat Split Couplings 

A split coupling is a speed union used to economically join two lengrhs of threaded 
conduit. 

• Double coated with a nominal .002" (2 mil) blue urethane on both the interior and 
exterior, before PVC coating is applied. 

• A minimum 040' (40 mil) PVC coating is bonded to the exterior. 

Split Couplings. - . .. 
' 

·-
Pipe Size 

lru:lles Metric Size Designator" car. No. 

loi 16 TCC1 

+I 21 TCC2 

1 27 TCC3 
1'4 35 TCC4 

~~ 41 TCCS 

2 53 TCC6 

2\1 53 TCC7 

3 78 TCC8 

3~ 91 TCC9 

4 103 TCC10 

5 129 TCC12 

6 155 TCC14 

·Metric sia eesir;m:or (ANSI C80 1·1994). 

Cat. No. Color 

HUB1 ·G 
-l 

-G " Gray. ·R " Red. -W " White, ·B = Blue 
• Custom Colors Available 

' 
: 

.. 

Thomas&Betts 



Deal· 
OCAL-BLUE Double-Coat Reducing Couplings 

;at. No. Color 

REC21 ·G 
-1 

-G " Gray, -R ,. Red, ·W"' White, -8 : Blue 
• CUstom CoiOI'S Available 

{Filling shown uncoated) 

• Integral bushings in t:loth ends to prevent damage to wires 

• Funnel-shaped interior lo guide wires from large to small conduit, making it easy to 
pu!l the wires. 

• Double coated wi!h a nominal .002" (2 mil) blue urethane on both the interior and 
exterior, before PVC coating is applied. 

• A minimum .04o• (40 mil) PVC coating is bonded to the exterior. 

• Pressure-sealing sleeves to protect the connectiOn. 

Reducirig~ Co'uplings_ 
., 

''' 1':~·~ : 
--

Pi!wSitc 
cat. No. 

Inches Metric: Slw Designator• 

~->; 21' 16 REC21 

1· ~ 27·16 REC31 

1.14 27-21 REC32 

1\-l-~ 3S-21 REC42 . -·- - """"""'~ "'""'"'w=,-w-

1111·1 35-27 REC43 

Hi·l<l 41·21 REC52 

1~-l 41·27 REC53 

1~ ·11' 41·35 FIECS4 

2·~ 53-21 REC602 

2·1 53·27 REC603 

2·H4 53-35 REC604 

2·1i1: 53· 41 AEC605 

2~-~~ 63·41 REC7S 

3·2 18·53 REC86 

3*·t~ 91·63 REC97 

4·3 103· 78 REC108 

5-4 129. t03 REC01210 

Reducing Bushings --Urethane .Coating ·Only · 
Cat. A Male Bfemale cat. A Male BFemale 
No. (NP'ij (NP'ij No. (NP'ij (NPT) 

RE:Z1·TB * ii RE7S.TB 2n 2 
RE:S1-TB 1 K RE83-TB s 1 
RE32•TB 1 M AEB4-TB 3 1i<i 
RE41·TB 1W ii RE8S.TB 3 n~ 
RE42·TB 1!4 ~i RE86-TB 3 2 
RE43-TS U1 1 RE87~TB 3 21+ 
RE51·TB lH ~ RE96-TB 3!h 2 
RE62·TB 1!>1 ~ RE97·TB :Jl4 2J.t 
RES3-TB 1~ 1 RE98-TB 4 3 
RE54--TB l~ H'!i RE101HB 4 2 
RE61·TB 2 * RE107·TB 4 2~ 
RE62·TB 2 ~' RE108-TB 4 3 
RE63-TB 2 
RE64-TB 2 11A 
RE6S·TB 2 n; 
RE73-TB 2~ 
RE74·TB 2~ 1Vl 
AE15·TB Z* n~ 

Thomas &Betts 
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Deal· 
Pipe Straps, Hanger Rod And Strut Accessories 

STRUTSTRA1!1 :_fi ... """ .......... ,.,..., ... .... 
• Qulalll Calcn Ani! ... 

• • 

• 

PVC ·coated Pipe Straps 
Dimensions 

tlldm 

" ~ 
1 

tlA 

tK 
2 

~ 

! 

3}! 

~ 

5 

/ 

Melric Size Designator" OCAL Cat. No. 

16 STRUT STRAP 112 

~'I STRUT STRAP 314 

27 STRUT STRAP 1 

35 STRUT STRAP 1-1/4 ., STfiOT STRAP 1~112 

~ snnrr STRAP 2 

S3 STRUT STRAP 2·112 

78 STRUT STRAP 3 

91 STRUT STRAP 3-112 

103 STRUT STRAP 4 

129 STRUT STRAP 5 

OCAL Cllt. No • 

SlRUJ .$rRAP 314SS 

stairdess Steel 
PlpeSltap ~ ----~~--------------------------+-----------------.. 

Hanger Rod Beam Clamp •. ...---------. 
Cat. No. Color 

500 !11 
I 

-G" Gray, ·R • Red. ·W • While, -8 "' Bille 
• Cuslom ColDrs Available 

63 STRUT STRAP 2·112SS 

129 STRUT STRAP SSS 

53.975 l2.71.1H3 

• Meltic silt dtsignalt1 (ANSI CIO.l-1994). 

ThomasMetts 



Deal· 
Kopr-Shield'*' Compound 

Kopr-Shield- by Thomas & Betts meets the 
requirements of Section 300.6(A) in the 
2002 NEC Code for Protection Against 
Corrosion. 

"Where corrosion protection is 
necessary and the conduit is 
threaded in the field, the threads 
shall be coated with an 
approved electrically conductive, 
corrosion-resistant compound.~ 

• The Copper Colloidal Surface Treatment That Protects, 
Lubricates and Enhances Conductivity Between All Electrical 
Connections 
Good connections are one of the most important aspects of electrical work. 
Mechanics know how much down-time is caused when flutds or oi!s leak into the 
raceway system or looking for a weak !ink in a ground system caused by a high 
resistance connection. Mechanics also know how much time is spent keeping 
contacts, switches, lugs and other connectors clean or replacing parts because o1 

'green scourge" build-up. Thomas & Betts has the solution to improve connections 
made in thousands of electrical and raceway installations made each day by 
electricians everywhere. 
Kopr-Shield'" compound is a unrque homo9enized blend of pure, polished colloidal 
copoer, rust and corrosion inhibitors that Simultaneously protects, lubricates and 
enhances the conductivity of the mating surfaces to whicli it is applied. Extremely 
adhesive, Kopr-Shield'• compound flows smoothly into uneven contours and voids. 
making application easy, protection and lubrication complete and positive. A stablE 
compound, it will not settle-out, thin, thicken. harden. or dry out under the most 
severe environmental conditions. 
Kopr-Shietd ... Comoound has excellent temperature characteristics - brushed on at 
-50F to 250F (other compounds either turn solid or rur. like water at these 
extremes). Even at 1800F, Kopr-S!lie!d .. remains intact tor short terms. 
Kopr-Shield~ Compound may be used to advantage in all electrical instailai1ons. 
When me environment is hostile to good electrical and mechanical connections, 
Kopr-Shield~ Compound is a must! 

Use Kopr·Shield'" Compound for Battery Lugs and Cables. 

• Prevention of "Green Scourge" corrosion. 

• Reduction of resistance. 
• Ease of terminal installation and removal. 

Use Kopr-Shleld"" Compound for Raceways. 

• Lubrication- Ease of assembly and disassemoly. 
• Grounding Continuity Improved - Exceeds code requirements. 

Use Kopr-Shleld- Compound for Fuse Clips. 

• Even Heal Distribution ~ Elimination of hot spots. 
• Oxidation Prevention~- Prevents carbon path formation. 
• LubricatiOn - Easy installation and removal of fuses. 

• 
Use Kopr-Shield'" Compound for Wiping Contacts, Drum Switches and Slip 
Rings. 

• Prevention of galling, burning, pitting and di$CO!oration. 

• Suppression of arching and dissipation of coronas. 
• Lubrication for ease of operation. 

cat No. 

201-31879 
201-31879--1 
CPS.TB 
CP16 
CP128 

Description 

1 * ot Container with brusll 
4 oz. Container With brush 
8 oz. Container vnth brush 
16 oz. Ccnlainer wilh brush 
1 Gallon Can 

Std. Pkg. 

95 
24 
12 
12 
4 

Wt. Lbs./C 

11.46 
38.54 
64.58 

120.83 
952.00 

• l!qmn!l:~ with ;:erm:ssirm tm::-> NFPA 7Q..1£!99. Ne:nxra! Efewiall C<:ct~: Cc;rpi;h· © l!'SS. N~io:rJI f1:;; ?:o.!tcti:m Assxialirm. Oulncy MA 02259 T~JS 
lrjlltnte:l m!!!e!:al is no: t'le CC!l'.V:eta ln:i afi:Cii ll!lS•tb· ~~ !~E NFPA on Ita ·~:Eren::e~ S:Jtt;ec;, wt :11 tS rwesm:«J cnty ty !'w s!a~:ia't 'n its er.tn~ty. 
Nt.ional E~ctrical Ccrl" ann Nf.C m req'slNed •:acematk! a: lhs rla:::tal Fir? P·~:ect~n J..s~a::iz!iJ1. 0::1~cy; MA. 

omas!JBetts 



• Deal· 
OCAL Patching Material 

• 
I! ern 

PATCH Gil!. LON 

• 

Sn.e 

OCA!.A'AlOI 

Free! OCAL Installation Video 

This free. 13-minute video gives you easy to follow instructions for 
clamping, cutting, threading, bending. and assembling coated 
condwt systems.· 
'Al>o An!lmt in Sua.~lsrt 





Deal~ 
• A Tradition of High Standards in Corrosion Protection 

• OCAL-BLUE PVC coated conduit for superior corrosion 

• 

protection 

Corrosive elements cause m: l10ns of dollars in da'Tlage through lost wne. 
materials. and labor For years. our industry has searched for an answer to 
this expensive problem OCAL Inc has the solution. 

OC.AL-BLUE coating is a complete and m:al protection package ior your 
entire conduit system. By encapsulating the conduit. OCAL prevents 
corrosion from stri~Jrg weak points :n your system. OCAL-BLUE is a 
complete system with more than 2.500 vaneties of fittmgs 1n stock. as we:! 
as corrosion-resistant supports. and patching compounds. 

OCAL-BLUE conduit and f.wngs have se: quality standards tl<roughout the 
electrical industry for over 35 years. OCAllnc. has achieved 1ts 
outstanding reputa;fon through careful at:ention to every step oi the 
manufacturing process. OCAL is umque in the industry. We start w1th 100% 
Amencan-made steel pipe, and then fabricate and galvamze the product m 
our own facilities. before applying the PVC coating. 

We malmain tota! quality con:roi throughout the production process. 

Only OCAL meets NEMA RN-1-1989 standard 2.1 which reads. "Vtlhere 
unusually corrcs1Ve elements require addilional proteclton, 11 is 
recommended that threads be zinc coated wilh a hot d100ed process or 
equwalent " 

Only OCAL hot dip galvanizes the threads before coating them with biue 
urethane :or doubie orotection. Hot dipped galvanizing is the process 
through which the Iron pipe is dipped In molten zinc causing the zinc 
to alloy with the Iron at the surface . 

@ LISTED - With No Disclaimers 
File E46453 

• Only OCAL -BLUE Conduit is U. L. Listed with 
both the zinc coating and the PVC coating 
investigated and listed per U. L. 6. 

• Only OCAL supplies PVC coated conduit with 
hot dipped galvanized threads. 

• Only OCAL supplies PVC coated conduit with a 
full undisturbed zinc coating under the PVC 
coating. 

• Only OCAL fulfills the requirements of U. L. 6 
regarding undisturbed zinc coating over the 
conduit. 

@· CERTIFIED 
File 110787 

@usTtD 
ELECTRICAL RIGID METAL CONDUIT 

ISSUE NO. HH-9658 

• Only OCAL PVC coated conduit is UL Listed for 
• UV resistance. 

Thomas&Betts 
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Get the OCAL-BLUE Advantage I 

OCAL·BLUE Coated Conduit and Double· 
Coaled Flnfngs give you total corrosion 
proletllon In tolorsto meet your 
requirements. 

Spec1fy OCAL-SLUE coating wherever 
the enwmmeN is corrosive 
OCAL·BLUE is a dense polyvinyl 
chloride coating with a m:nimum 
thickness ot 0.04. (40 mil) on the 
exterior and a chemically-cured bh .• e 
urethane coaung with a no:-ninal 
thickness of .002' (2 mil) on the 
interior and over the hot dipped 
galvanized threads. 

Extra Corrosion Protection 

OCAL·BLUE PVC coated conduit w1th 
blue urethane interior coating is the 
answer to imerna! corrosion. 

We start by manufacturing the ngid 
condu;t and do our spec:a• ·Hot 
Dipped' galvan:zing atter fabr:cat•on. 
altoyir.g !he zinc wi~h the steel. TM 
galvanizing is done afrer thread1ng. 
making the industry's only "Hoi 
Dipped· ga!vantzed threads to 
provide me extra pro!ecMn you need. 

Our PVC compounds are made from primary materials without the addttJOr'l of fillers or 
secondary ma;eria!s. The end result !s sealing characteristics that outperform any 
other corros,on prevemlo'1 sys;em. 

The S!rong bond between :he PVC coatinQ arc t!"te metal substrate prevems any 
migration of corrosion under the coating. Chemtcally cured urethane is baked on lor a • 
tough !ir11sh that will no: chip. peel, or crack and ts very fiextble. The OCAL-BLUE 
system permi~s bending, thread1ng. and cuning withou; loss of any sealing 
characteristlcs. 

OCAL offers a full line of fitungs. elbows. w1reways. light ::xtures. panel boards. and 
other electrical accessories coa:ed with the OCAL-BLUE process. 

Specify OCAL-BLUE Coated Conduit and Fittings in the Following Applications: 

• Chemical Plants • Water and Waste Treatment Plants 

• Reimenes • Pharmaceut;cal Facn;t;es 
• Fertilizer Plams • Breweries 

• Steel Mills • Salt Plants 

• Puip and Paper Mills • Electrical Substations 

• Food and Da1ry Facthties • Gas Transm1ssion Lines 

• Offshore Platforms • And, many other corrosive 

• Coo:ing Towers environments 

For Your Special Requirements 

OCAL-BLUE PVC Coated Aluminum Conduit has the same corrosion protection 
qualities as regular OCAL-BLUE Conduit, except tha; it combines the OCAL·BLUE 
protection with lightweight copper-free aluminum conduit and fittings. 

If color-coding IS a requirement of your project, OCAL can produce all products in 
colors to meet your specifications. 

Only OCAL manufactures its own PVC. 
Only OCAL manufactures its own primer. 

Many of the fittings OCAL coats are manufactured by Cooper Crouse-Hinds. However. 
OCAL also coats quality fittings from Thomas & Betts. II a specific manufacturer's 
product is required, please specify. 

Thomasf£Betts 
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Deal· 
For Complete Corrosion Protection, Trust OCAL-BLUE Double-Coat Coated Fittings 

Encapsulated Stainless 
Steel Screws Standard on both 

Form 7 & Form 8 Fittings 

PVC Gasket-like Flange 

Pressure 
Sealing 

Sleeve on All 
Hubs~ 

2mfl 
Urethane

Exterior 
under PVC 

Urethane 
Interior 

Only OCAL supplies encapsulated scm••s on 
both Form 7 & Form 8 fittings. 

84 

OC.A.L has deve'oped a process for coat"ng the 1ntenor and ex1.enor of all fittiligs Nith 
a nominal .002' (2 mil) of blue urethane. which is baked on. (The curing process "'ay 
cause a slight darkening of tre blue urethane.) 

Superior Protection 

This pro:::lrietary app:;cation cf urethane enhances the corrosion protect:on ol yo:..;r 
system, even ,f yo1.. accidentally n1ck or cu: the PVC coat:ng dunng installation. 
Flexible. overlapping sleeves on all OCAL fittings guarantee protect;o:- vv1th a vapor· 
and ma.sture-:1ght seal at every connec;:on. 

Superior Service 

Our reputation fo' deoendabiii:y and customer service has rr;ade OCAL tre mos: 
trusted name 1n corrosion ::uoteC\IOP for t!'le electri:::a! industry. 

OCAL offers. 
• Plant waikthrougrs 

• tnstalialion training and cert:'ficauon 
• lnstaliat10n videos 
• lnstallat;on tools 

• The exPertise to ensure lha: you get the max1mum benef:t of the OCAL·BLUE ;o;al 
pro;ec:ion system. 

• For cus:om orders, special colors. or ,arge quar.:ities. OCAL's manu1acturing 
capabilities guarantee deiivery t.me unma:ched 1n :he industry. 

• We protect each shipment with spec1al packag:ng for darnage·free delivery. 

<4!· CERTIFIED 
File 110787 

ThomasfNietts 



Dear 
OCAL-BLUE Steel Conduit 

• The conduit is PVC Coa:ed SteeL 

• Blue urel.hane coattng over threads. 

"A m::~1mum .040' (40 m;i) PVC on tne extenor. 

• .!J., no~~nal .002' (2 m1) bl.Je urethar>e on !he ntenor. 
• Colo~ coded thread protectors. 
• Co__:o:lrgs shioped w1!h cond:;it ars oa:ckaoea separately. 

OCAL-BLUE Conduit 
Ovtside Outside Nominal Nominal Nominal Minimum 

Size Di<t~er Diameter Wall Tltlcl<ness Wall Thicl<ness Inside Cross Settum length Willlout Weight 
Inches Steel Only With PVC Steel Only With PVC Otameter 1\rea in Square CO\Apl<ngs Per Foot 

Me1<lt Sire lllcbes lncbes Inches Inches lne!les lncbes Feet Pounds 
Oesignatllt' t.'hl!lmetcr.; Milhme~ers Md!tmeters Millimeters Mtllimeters Millimeters Meter.; Kilograms 

~ .840 .920 .104 .144 .632 .304 9'11',1· .79 
t6 2U 233 2.64 3.555 161 7:12 3.ft3 35.83 

it< UISO 1.130 .107 z.n .835 .533 9'HW 1.05 
VT 3.73 212 13.53 3.03 1,1"63 

1 1.315 1.395 .126 .166 1.063 .864 9'11" 1,53 

2! 33.4 3!>4 3.21} 4.21 21.0 21.94 3.02 &9.~~ 

Pi1 1.660 1. 740 .m .113 1.394 1.495 9' ,. Z.lll 

441 4.~ 3'5.4 31.97 3.02 91.11 

1\7 UOD 1.980 .138 .178 1.624 2.0'J6 s· n· 2.<10 • 41 48.3 5!)2 3.SlJ 452 41.2 51.71 3.02 !12.35 

z 2.375 2 455 .146 .186 2.083 l.3SS 9' ,,. 3.32 
53 60.3 filS 3.10 412 529 115.21 3.1'.12 150.6!1 

2n Z.875 2.955 .lg.) .Z33 2.489 4.788 9'1017* 5.27 

63 il.IJ 75.0 4.~D 5.91 63.2 121.61 3.01 239.00 

3 3.500 3.580 .205 .2~$ 3.090 7.393 9'10~· 6.83 
78 li$9 00! 5lil 6.22 1S.5 lB71!l 3.01 300.63 

ln 4.000 4.0110 .215 . 255 3.57 9.866 9' 10\4 • 8.31 
!11 IOUi 1J3.6 5.45 6.41 9().7 ~.59 3,00 376.94 

4 4.500 4.58(l .zzs .zr.s 4.05 11.730 9'10\4" 9.13 
lfll 114.3 lifU 5i'1 6.13 Hl2.9 3Z.!:.l4 3.00 441.1)4 

5 S.S63 5.64l .245 .285 5.1173 20.006 9' 10" l:U4 
129 14t3 143.2 a22 7.23 t2U 3.00 

6 6.625 6.705 .266 .306 6.1193 l8.891 9' 10. 17.46 
155 16B.S 11fl.S iHS 177 15A.B m.m 3.00 7SUi 

NQIT -l'~r;~~ 

~· CERTIFIED 
Item Size Material Color 

COND % ·G 
File 110787 -,-

SA::: Aluminum ·G" Gray 
Blank : Steel ·R= Red 

-W=White ~ ·B =Blue tL£C11Ur:AliUClll M."tAl COIIOU!T l!l 
• Custom Colors Available ISSUE H!l.lllt-K5a s 

~<t~«$lff.;4f\SW1ft<*'~fil}-..-.~ I 

• Thomasfllletts 
1, 2:lii3 T'l=.as & Sa!!!> C.:.'o"at:"". S~eci:,::at,Ol'\S ate su!ljem to tl'lat:;;a ,..,u.: n:lbU~. WWW.tnb.com 85 
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• All cou;Jllngs are coated '.vit:J a nor,na! .002· (2 m11) b!ue urethane on the interior. 

• A mw.mum .o.::::r (40 mil) PVC coat'ng is bonded to the extenor. 

• Co;;phngs r,ave straight threads, no; tapered. 

• Molded ribs on o.;ter coatmg. 

• Co,._.p!ings have oressure-sealing sleeves to pro:ect the connecrio;";. 

OCJ\l .. BLUE Couplings ' 
Minimum 

Coupling Length or 
Size Metal 

Incites Inches 
Metric Sire Designator' M1lluneters 

" 1.500 
i6 33.1 

;< 1.532 
t1 :a9l 

1 1.906 
Zl 4Ml 

1'A 1.906 
35 ~8 41 

m 1.906 
41 ~SAl 

2 1.937 

53 49.19 

2* 2.878 

53 Tl.lO 

3 3.031 
15 7S.S8 

3~ 3.094 

91 78.56 

4 3.188 

l!ll 50.97 

5 3.374 

129 85.59 

6 l.437 
155 1>7.29 

~iOTt- 1~:..-·,ez ~rd Pn;;::ds l~"~$ed !G =~~~ ta;e 1Je 
M~:7:; r."N!ure is cttedly ~e!0w Cdj ~e: ry;t; 

• fl'!< s>ze m1~aa:~· !AXSI Cll1U -l~l 

Item Size 

CPL 
Material 

-~-

SA = Aluminum 
Blank"' Steel 

TOI3f 
Mmimum length 
Including Sle~e 

Inches 
Millimeters 

Color 

·G -,-
-G =Gray 

3.7500 

95J.5 

3. 7500 
95.25 

4.9375 
1397() 

5.5000 
139.70 

5.7500 
141!.05 

5.9370 
15f.t79 

6.8780 
lR70 

7.0310 
1785!1 

7.0940 

1Bil1B 

7.1880 

i8!57 

7.3740 
!87.29 

1.4370 
1ea.a5 

·R =Red 
-W =White 
-B =Blue 

• Custom Colors Available 

Weight in 
Pounds 

Kilograms 

0.13 
J)<.,fl 

0.19 
0.85 

0.33 
.1!8 

0.43 
.193 

0.56 
.252 

0.77 
.~0 

1.85 
.532 

2.10 
1.215 

3.78 
1.701 

3.08 
I,3S6 

5.00 
2.250 

s.oo 
3.500 

Thomas&Betts 



Deal· 
OCAl-BlUE Elbows 

OCAL-BLUE Standard and Large Radius Elbows 

OCAL·BLUE standard anc l-~rge rao:us elbows are iactory bent to reduce :he t,me 
and wasted materials that car: res~.. I: !rom iielc benci;r.g. 
• OCAL-BLUE elbows are fab·:cated from OCAL coated condwt 

• Standard radiL.ses 1n 3CJ? 45? 60~ and 90° are avallab:e ior immediate Shlpr"'ent. 

• Soec'ai radiuses a'ld degrees not hsted are also availaote upon request 
• Color coded tnread protectors. 

Standard Radius Elbows 
Slz¢ Radius ~R" Of!sei"C" SLrelght End "!)~ 

Metri~ Sile 
Inches ~i!jr\3101' lntlles Millimeters Inches M•llimeters lnclles Millimeters ., 16 ~00 101.6 5&~ 11i5J 212 53.846 

·14 ~~ 45!1 114.3 125 184.15 us 6$JJS 

1 27 575 Wi05 e6:J [\92(!2 2il5 ?3152 

1;-1 ~ 12l> 1i!4.15 10A4 ~.116 3.19 !llm!> 

H} ~1 825 21)9.55 11.tl3 295 4;)2 3,J.S 8~ 1S5 

2 S3 9.50 241.3 13.31 :J3SI)14 :un 96114 

~* 53 111.50 266.! 16.50 419.1 5J5 '41i,05 

3 76 13.00 3302 18.15 4i62S 5.7!1 147.006 

3n 31 1500 3i!l 0 22.SS ~3.184 r.\1', 202184 

-4 

~ 
1600 41)6.4 ;?3,13 sae.m 7.$ 202.184 

5 2400 6!l!i.6 Ji!l\l 1!3566 1~.90 2i5.Rt 

5 30.00 762.0 4lA4 1103.376 14.40 365.76 55 

large Radius Elbows 
Size Radius "R" I Ollse!"C'' 

Metric Si1e 

Unbenl Lenqth I Weigh! Per Each 

' 
Inches MillimCIIl\"S l Pounds Kilograms 

1125 2SSJ5 0 73 .1S1 

12.50 :m.s Hl1 .455 

1U5 37({15 i 93 8" '. 
17J5 1.50.1!5 Ul5 1.293 

~9.75 50'.65 I HG ;,g;r; 

~ !i71.5 6,50 2.94ll 

28.00 mz I ;)5() 5.216 

32.00 1112.3 lS.OO 9.1~ 

3:1.50 1003.3 26 25 1l.9-~? 

Jg,;;o 11.100.3 3Ui(l 14515 

59.50 l511l 70.00 31752 

76..00 1936.4 iOO.OO -15.$ 

Straight End "0'" Unbent tenqth 

lnmes Ocsignaw• Inches Millimeters I llltl'let Millimeters Inches M•ll•meters Inches Mdl1metlli"S 

l ·?W ~~l. 27 .§J 

1· 3' .'~';\ 27 ·18 

1. 4' 1'~1 21·103 

Hi' me~ 27. 129 

l. 5' .~;1 tJ .. 15S 

1 ·I> <at!. 21·155 

1-6' rei 21. ~ss 

1·5'illl:!. 21·155 

t~~ s· :~t 63- ~=-) 

Standard Radius 

I 

1~ 

15 

111 

24 

30 

36 

42 

4ll 

6ll 

·G -,-
.C•C... 
·'l·bti 
--W•'Mrilt 
.a. a~~oe 
' CUSU~m ColOn 

A'felt®lt 

304.8 n· 
:J!lUl 2'!1' 

~57.2 :r 4' 

009.5 :!' 11' 

75~0 3'5' 

914.t 3'11' 

105&,5 4'6' 

12192 S'O' 

l~Z~.D o·o· 

Large Radius 

LRELL 

533.4 g· /'&.6 3'f( 91H 

li09.6 9' zza.s JT 100~.8 

f11.2 10. 2540 t·o· 12192 

889.9 U' m.11 4'11" H9B.6 

1&41 4 11" 2794 5' §~ !1526 

nw 11' 21'9.4 6'5" 19!112 

t.:mt 12" 304.11 IG" 'l!3ii(l 

1524,!) 11' 304.5 I s·o- ?500.8 

l82S S I 12" 3:14 s ;· HJ' m;< 

Thomas&Jietts 
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Deal~ t, OCAl-BlUE Double-Coat GUA Series Conduit Bodies 

GUA senes cond:.J't bodies are mstalled W·lhin t;azardous area loca:ions to 
p~otect conduct::>rs in :hreaded rigid conduit. act as pun and splice boxes. 
provi::le access to conduclors for ma'ntenance and fu!ure system changes. act 
as mounting oulle!s for ltx:ures (with proper covers). or change conduit d~rection. 

Conduit Bodies 
C <mdull S1ze 

Metric Site 
Inches Oes•gnator• 

"' iS 

* li 

11 16 

~ " 1 (7 

1 2l 

, ~· 35 

• l!'i 35 

llh 41 

2 

GUAC 

Cat. No. 

ILB17 
I .l 
BiO 

COVIll 

OJ11!ning 

I 

Color 

·G 
-~ 

2 

2 

3 

3 

3 

~ 

~% 

s 
s 

• Doc;ble coated witii a nominal .002' (2 mi!) b:JJe urethane on both tne 1nterior 
and extenor. before PVC coating is applied. 

• A IT:.<1tmum .040 (40 mil) PVC coatir.g is bonded :o the exterior. 

• OCAL oressure-sealir:g sleeves on all threaded ~1ubs. 

Type 

Cover 
GUA GUAC GUAT GUAX GUAB Only 

GUA14 GUAC14 GUAT14 GUAX14 GUAB14 GUA04 

GUA24 GUAC24 GUAT24 GUAX24 GUAB24 GUA04 

GUA16 GUAC16 GUAT16 GUAX16 GUAB16 GUA06 

GUA26 GUAC26 GUAT26 GUAX26 GUAB26 GUA06 

GUA36 GUAC36 GUAT36 GUAX36 GUAB36 GUA06 

- - GUAT37 GUAX37 - GUA07 

GUA47 GUAC47 GUAT47 GUAX47 GUAB47 GUA07 

- GUAC49 GUAT49 GUAX49 - GUA09 

GUAS9 GUAC59 GUATS9 GUAX59 GUABS9 GUA09 

GUAC69 GUAT69 GUAX69 GUA.B69 GUA09 

(FttMgs shown uncoa:ed) 

GUAT GUAX 

Manufacturer 

-G =Gray Blank= T&B 

·R = Red 1 = Other Manufacturer 
·W=White 
-8 =Blue 

• Custom Colors Available 

Thomasfllletts 



Dear 

L 
Straps 

818 

OCAL Clamp Back Spacers 

• .040' (4:) mil) PVC coaling. 

• Used w,!'"l one-role straps as spacers. 

Clamp Back Spacers 
P1pe Size 

Mewc Size 
tnchn Oelignator• Cal. No. 

Vi 15 BACKCLAMP 112 

~ 21 BACKCLAMP 314 

~ Zl BACKCLAMP1 

l'!i 3S BACKCLAMP1-114 

~~ ~I BACKCLAMP1-112 

2 5.1 SACKCLAMP:.Z 

2~ &3 BACKCLAMP2·112 

3 18 SACKCLAMP3 

317 91 BACKCLAMPJ-1/2 

4 11l3 BACKCLAMP4 

OCAL Pipe Straps 

• .040' {~0 mil) PVC coatmg. 

• S1zed :o allow for the ex:ra coa!1ng thickness. 
• Usee to support OCAL-BLUE ::onduit on walls and structures. 

Pipe Straps 
Pipt1 Size 

MemcSize 
Inches Designator• 

~ i& 

~ 21 

1 ZT 

1~ 35 

1~ 41 

2 53 

2~ 53 

3 

91 

103 

Cat. No. Color 

BACKCLAMP1 ·G 
-~-

.(;"'Gray. -R = Red. -W"' White, -B" Blue 
• Custom Colors Available 

One Hole Two Hole 
Malleable Stamped 

lHMS 1/2 2RS1/2 

1HM$3/4 2HS3/4 

1HMS1 211St 

1HMS1·1/4 2RS1·1/4 

1KMS1-1/2 2RS1-1/2 

1HMS2 2RS2 

tHM$2·1/2 2HS2·112 

1HMS3 

1HMS3·112 2HS3·112 

1HMS4 

Thomas&Betts 
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Deal& 
OCAL-BLUE Double-Coat Hubs and Split Couplings 

•Innovative sealing ring and groove. 
• Hexagonal body and locknut design. 
•Insulated throat. 
• Sharper and deeper teeth. 

TCC 
Split Coupling 

OCAL·BLUE Double-Coat Hubs 

• Coateo with a nominal .002· (2 m1l) blue uretrane on the imerior. bsfo1e PVC coat1ng 
is applied. 

• A minimum .040" (40 mil) PVC coa:i'1g is bondsd to the ex;er!or. 

• Pressure-sealing sleeves to protecl1he connection. 

Knockout Hubs 
Pipe Size Hub STG sns sma 

Inches Melnt Size Oesigna1or8 Cat. No. Cat No. Cat. No. cat. No. 

n :5 HUB112 STG1 STT81 STTTB1 

~ :11 HUB3/4 STG2 STTB2 STTTB2 

27 HUB1 STG3 STTB3 STTTB3 

1¥. 35 HUB1-114 STG4 STTB4 STTTB4 

l\1 .!i HUB1-112 STGS STTSS STTTBS 

2 53 HUB2 STG6 STTB6 STTTB6 

2~ 53 HUB2·112 STG7 STTB7 

3 7B HUB3 STGB STTB8 

314 o· ·' HUB3-112 STG9 STTB9 

4 103 HU84 STG10 STTB10 

5 129 HUBS STG11 STT811 

6 155 HU86 STG12 STTB12 

OCAL-BLUE Double-Coat Split Couplings 

A split ~ouoling is a speed union used to economically join -:.vo lengths of tnreaded 
conduit 

• Do;..ble coated w.tn a nOf'iinal OOZ' {2 mil) bi~Je ure!r.ar.e on both t'le imeriot and 
extericr, oefore PVC coating is apolied. 

• A rr;nimum .O<:Q" (40 mil) PVC coat.ng is bonded ;o t11e ex:enor, 

Split COuplings 
Pipe SiLe 

Inches Merrie Size Designator• 

V¥ 16 

~i 21 
1 27 
1\4 35 

~* t1 

2 53 
21; 53 
3 18 
3!J, 91 

4 103 

5 i29 
6 155 

Cat. No. Color 

HUB1 ·G 
-~-

·G =Gray. ·R =Red. -W =White. ·B =Blue 
• Custom Colors Ava1lablo 

Cat. No. 

TCC1 

TCC2 

TCC3 

TCC4 

TCCS 

TCC6 

TCC7 

TCCS 

TCC9 

TCC10 

TCC12 

TCC14 

Thomas&Betts 
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Deale 
OCAL-BLUE Double-Coat Reducing Couplings 

Cat. No. Color 

REC21 ·G 
-~-

-G: Gray, ·R Red, ·W = Whi~. ·B: Slue 
• Custom Colors Available 

(Filling SMWTI uncoated) 

• Integral bushings in botr: ends to prevent carnage to wires. 

• run-:et-shaps-d interior to guide w!res !rom large to small conduit, making :t easy to 
pull the \lnres. 

• Do:.Jble coated with a nominal .002' (2 mil) b!ue urethane on bO!:'l the interior and 
exterior. before PVC coaling is applied. 

• A minimum .040' ( 40 mil) PVC coat1ng is bonded to the extenor. 

• Pressure-sealfrg sleeves io prmec: the connection. 

Redur;ing Couplings 
Pipe Size cat. No. 

Inches Metri• Size Designatol· 

;1. ~ 7i -16 AeC21 

1·1-r 27·16 REC31 

; .. ~ 27 ·ll REC32 

1~-~ 35-21 REC42 

nl.i-1 l5·2l REC43 

H7·U 41·2i REC52 

:)7., JJ. 21 REC53 

ii'>·l% 41-lS RECS4 

2·~ ~3 .. 21 REC602 

2·1 53·27 REC$03 

z,. iV: 53.35 REC604 

2-1~ ~-41 AEC605 

2n·1Yi: 6:i· ., AECTS 

3·2 76-53 REC88 

3l'!1·<r> 9i ·63 REC9T 

4·3 1!13 ·18 REC108 

5 .. ~ ;zs. :o3 AEC01210 

Reducing Bushings - Urethane Coating Only 
Cat. A Male B Female ~t A Male II female 
No. (NPTJ (NPT) No. (NPT} (NPT) 

RE21·TB -}1 11 RE71HB 2~ 2 
RE31-TB !7 RE83-TB 3 
RE32·TB l> RE84-TB 3 H4 
RE41·TB H~ !i REBS·TB 3 ,~ 

RE42·TB i'4 1> RE86-TB 3 z 
RE43-TB l~ 1 RE87·TB 3 2* 
RE51-TB 1~ 1ir RE96-TB 3t? 2 
RE52·TB lli ~ RE97-TB 3* 2~> 
RE53-TB l'h 1 RE98-TB ~ 3 
RE54-TS I~ I~ RE106-TB 4 2 
RE61·TS ~ RE107-TB 4 217 
AE62·TB 2 ll AE1Q8.TB 4 3 
RE63-TB ? 
RE64·TB 2 1'-<i 
RE65-TB 2 11'< 
RE73-TB 2~ 1 
RE74·TB m H'l 
RE7S.TB m w~ 

Thomas&Betts 
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Deal· 
Pipe Straps, Hanger Rod And Strut Accessories 

• 

• I 

PVCCo;ued 
PiPeS:rap 

Slair~!as_~ SlGGl 
Pipe S!tap 

Hanger Rod Beam Cla'Tl!) 

Cat No. Color 

500 ·G 
I 

·G : Gray. ·R • Red, ·W White. ·B = Blue 
• Custom Colors Available 

826 

PVC Coated Pipe Straps · _ ~ · 
Dimensions 

lncll1!s OCAL cat. No. 

16 STRUT STRAP 1/2 

STRUT STRAP 3/4 

27 STRUTSTRAP1 

114 35 STRUT STRAP 1·1/4 

'B1 ~1 STRUT STRAP 1-112 

2 53 STRUTSTRAP2 

:Zl'i f!3 STRUT STRAP 2·112 

3 iB STRUT STRAP 3 

3\? 91 STRUT STRAP 3·112 

4 103 STRUT STRAP 4 

~ :zg STRUT STRAP S 

316 Stainless Steel Pipe Straps 
Oimens.iotl'l 

Inches Metric Sl:e Designator• OCAI.. Cat. No. 

n 16 STRUT STRAP 112SS 

* 21 STRUT STRAP 314SS :: 
2? STRUT STRAP 1SS 

1~ 35 STRUT STRAP 1•1/4SS 

~~~ ~~ STRUT STRAP H/2SS 

z 53 STRUT STRAP 2SS 

2~) €3 STRUT STRAP 2·112SS 

3 7S STRUT STRAP 3SS 

S;i 91 STRUT STRAP 3·112SS 

t(IJ STRUT STRAP 4SS 

:; ~2; STRUT STRAP 5SS 

Hanger Rod Beam Clamps 
~ 

J 0 li\V petlmg 0 1mensr011$ ap e 1men ons '!: ped Hoi 0 sl 

lnchl!$ Metric Size lntlll!$ Metric Size Cat. No. 

~ 23812 :4. 2\l 6.35<J. 2\l 500 

% 22.225 "~·1S nm -1B 501 

1 25 ~')!) ~·16 9525·16 502 

1 25400 ~·13 12 roo~ 1s 503 

•2)i; )39?5 }}·13 12700· !3 506 

ThomasllBetts 



Deal# 
Pipe Straps, Hanger Rod And Strut Accessories 

Mini Type Conduit Hangers (Includes Bolts) 

Cat. No. 

THR3-8X3 
Color 

·G -,-
G :Gray, R =Red, W = White. B =Blue 
• Custom Colors Available 

Stainless S!~' 
All Thread Rod 

E·142 
He• Head Cap Screw 

·~ \ ' 

'--~Y 
E·145 

Standard Hex Nul 

Pipe Size 
Inches Metric Size Designator• 

!'t 15 

~l 21 

I 27 

1'4 35 
~~ 41 

2 53 
2'' .7 53 

3 78 

3~ !il 

4 103 

PVC Coated Steel All Thread Rod 
Pipe Size 

Inches Metric Size Designator• 

%d ~5Jh7&2Df! 

* x6 9.525 X 152AOO 

%<10 :1525 t254.000 

~ X3 12.100 x iu 200 

'h r6 12.1::m ~ t52.40tJ 

ti X1D 1Vc:J X 254.00 

Stainless Steel All Thread Rod 
Pipe Sile 

Inches Metric Size Designator· 

12.7(!() X 152.400 

~2 700• 254.00 

PVC Cc.a!ell t;,;:dalf' CrunM'4nd kut> a'e a,.,,Ja;~:a won'~ 
• Msn Si.'!i C:s:-nat!!' (A 'iS! Cl!O 1-1994! 

316 Stainless Steel Accessories 
Cat. No. Description 

E·142SS Hex H~ Cap Scri!W 

E·145SS S~'tllrd liex Nul 

EF·147SS FeMet \'Jisher 

H·119SS RoctCwpli!'Q 

R 

/ 

/ ~' l ' i 

·~ 
EF-147 

Fender Washer 

'."!2003 Thtroas t Bens Corpo:at:on Speef,t<ll ons are subject IO cha"l)o w.:nout nou::e. www.tnb.com 

Cat. No. 

MINl/2 

MIN3/4 

MlNl 

MINH/4 

MINl-112 

MIN2 

MIN2·112 

MIN3 

MIN3·112 

MIN4 

Cat. No. 

THR3·BX3 

THR3·8X6 

THR3-8X10 

THR1·2X3 

THR1·2X6 

THR1·2X10 

Cat No. 

THR1-2X3SS 

THRHXSSS 

THR1·2X10SS 

H·119 
Rod Coupling 

Thomas&Betts 
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Oca/
0 t. Kopr-Shield" Compound 

• 

Kopr-Shield- by Thomas & Betts meets the 
requirements of Section 300.6(A) in the 
2002 NEC Code for Protection Against 
Corrosion. 

"Where corrosion protection IS 
necessary and the conduit is 
threaded in the field, the threads 
shall be coated with an 
approved electrically conductive, 
corrosion-resistant compound . .. 

The Copper Colloidal Surface Treatment That Protects, 
Lubricates and Enhances Conductivity Between All Electrical 
Connections 
Good connect;ons are one of :he most importan: aspec:s o~ e!ectnca! v:ork 
Mechamcs know now much down-t1rre iS caused when flu'cs or oiis !eak into the 
raceway sys1em o; !ook:ng for a v.eak link rna ground system caused by a higr 
res:stance connection. Mechanrcs a:so know how much time ;s soen~ keep1ng 
con:ac~s. swi!cl':es. lugs and other connectors clean or replacing parts becal.!se of 
"green scourge·· ::~uild-up. Tnomas & Betts has !he so!utlon to 1morove conr.ecrions 
made in ;housancs of e~ectricaf and race\Nay ins:al!ations rrade each day by 
electricians ever~t··there. 
Kopr-Shield~ compound is a unique homo~enized blend of pure, po:;shed colloidal 
copper, rust and corros:on inhibitors that s•multanoously protects. lubricates and 
enhances the conductivity of ;he mating surfaces to wh•ch it is applied. ExtreMely 
adhes;ve. Kopr-Shield .• compound flows smoothly into uneven conto:.;rs and voids. 
mak1ng application easy. protec;:on and tubr!cat,on complete and positive A. stable 
compourld, it will not senie-out. th1n. th;cken. harden. or dry out under the most 
severe er:viron-nen;a! conditions 
Kopr-S!'I:e!d'" Co:r>pound has exce!ler.t temperature characteristics - brushed on at 
-50F to 250F (other comoo:;nds e.ther :urn solid or run hke water at trese 
extremes). Even at 1808F. Kopr-Shie!d'" rema;ns mtact lor short terms. 
Kopr-Sh;eld'" Co-npound may be used to advantage 1n all e;ectrical :ns:allat1ons 
Wher. the environment is hostile ;o good e!ec:rical and mechanical co:;Pections. 
Kopr-Sh;eld~ Compound rs a must! 

Use Kopr-Shleld'" Compound for Battery Lugs and Cables. 

• Preven:ion of "Green Scourge·· corr:::;s.on 

• Reduct en of resistance . 
• Ease of term:nal ,nstal'alion and re'T!oval. 

Use Kopr-Shleld'" Compound for Raceways. 

• Lubrica:1on - Ease of asserr.bly and d:sassembly. 
• Grounding Cont:r·Jily Improved - Exceeds code requirerr.ents 

Use Kopr-Shleld'" Compound for Fuse Clips. 

• Even Heat Distr:bution- Eliminal!on of hot spo:s. 
• Oxidation Preven!ion - Prevents carbon path formation. 

• Lubr;cation- Easy mstallat'on and removal of fuses. 

Use Kopr-Shield .. Compound for Wiping Contacts, Drum Switches and Slip 
Rings. 

• Prevem:on of ga.:ing. burning. pitting and discoloration. 
• Suo:xession oi archi'lg and dissioarion of coronas 
• Lubr:cat,on fer ease of ooeratron 

Kopr-Shield"" ·. 
Cal. No. 

201·31879 
201-31879-1 
CP8-TB 
CP16 
CP12B 

Description 

1 !7 oz. Cor.t!•~er v.i!h b:.;:h 
4 cz Co1\arr;er 1·":n b!t:Sh 
S oz Co1~ahar w::h b.'!iSI-r 
16 Ol CJ~:alr.E• 1\oih b•us~ 
1 Gallon Cz.11 

10pr·S'l;; :f' IS a C'IJ:J:: o! JS LU~f 11: 

Std. Pkg. 

95 
24 
12 
12 
L 

WI. Lbs./C 

11.46 
3&54 
64 58 

12083 
S5200 

• 

Rrp•m:e;l w.itl ~rm·ss,J1Iro'!l ~;FPA 71}1933. o'li1:C:':EI f!e:~ii:dl Coee~ Ccpy::~r~ © 1395. N~::o'1a· F.re PIO:e;::;Jn tuw:·a'':i1. CJ,~:y I, \A C2t59 Tn 3 
re;;~irs~j ma:er1a, 1! no11r-e co.'Tlp'e:e an:to!t c-.a· pets iio1 oi t'le t~f?A O"t H1;: re;erf~~u s.~o,ect .. .,.1'i:c;., !.3 rep·esen~aa o"l:i or tne star:1a;d 10 ~:s E1l·~iy 
~~itan31 t~E:!rj:,a! Cade a.1:l t:EC a:e ~is:erea !~:j;:Jn3~!(5 cf 11~ t:a: ~o_a! Fire Pr~~ecf:n Ass::.a:~:~ C.ii-''l:Y t.1A 
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Dear 
OCAL Patching Material 

{' 

\~ \ -·· 
.,\ .;. .. _. . 

\,;_:::·-~-

Item 

$PRAY CAN 

FATCH PlNT 

FATCH uA!.~ON 

IHiEi'~OR PATCH-PINT 

Size 

CCAL·PI<TCH 

IHiE!iJOR PATCH (B:ush 011) 

Free! OCAL Installation Video 

This free, 13-mlnute video gives you easy to tallow instructions for 
clamping, cutting, threading, bending, and assembling coated 
conduit sysiems. • 
• A;so AvailaJie in Span~h. 

Thomas&Betts 
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Deal· 

• Urethane Interior Coating Chemical Resistance Chart 

Solutions Cone. Temp. Recommended Solutions Cone. Temp. Recommended 
Exi_)Osure Exposure· 1:':1 

Splashing Liquid Fumes Splashing Liquid Fumes .... 
lt.l -" 

Acetic Acid 10% 75 .yes no yes lead Plating Solution Any 75 yes no yes 

Acid Co;lper Plaung Solut10n Any 75 y~s no yes Malic Acid Any 75 yes no yes 

Alkaline Cleaners Any 75 yes no yes Methyl Alcohol Any 75 yes no yes 

Aluminum Chloride Sa!'d 75 yes no yes Mmeral Oiis Art{ 75 yes yes yes 
Aluminum S!.ilfate Sa!'d 75 yes no yes N1cke! Acetate Saul 75 yes no yes 
Alums Sa!'d 75 yes no yes N;cke! Plating Solution 75 yes no yes 
Ammonium Chloride Sa I'd 75 yes no yes Nickel Salts Sat d 75 yes no yes 
Ammonium Hydroxide 28% 75 yes no yes ~Jitric Acid 35% 75 yes no yes 
Ammonium Hydroxide 10% 75 yes no yes Nitric Acid 40% 75. yes no yes 
Ammonium Sulfate Sat'd 75 yes no yes Nitric Acid 60% 75 yes no yes 
Ammonium Thiocyanate sarc1 75 yes no yes ~4itric Acid! 1 ~., 

:l !0 

Amyl Alcohol Any 75 yes yes yes Hydro flu one 'Acid 4% 75 yes no yes 
Arsemc Acids Any 75 yes no yes Nitric Acid/ 16% 
Barium Su!llde Sat d 75 yes no yes Sodium Dichromate 13% 75 yes no yes 
Black liquor sara 75 yes no yes Water 71% 
Benzoic Acid Sa!'d 75 yes no yes OleiC Acid Any 75 yes no yes 
Brass Platina Solution Any 75 yes no yes Oxalic Acid Sard 75 yes no yes 
Bromine Wiier Sat'd 75 yes no yes Any 75 yes no yes 
Butyl Alcohol Any 75 yes no yes Pnenol sard 75 yes no yes 
Cadmium P,atmg Solution Any 75 yes no yes Pnosphonc Acid 75% 75 yes no yes 
Calcium Bisulfite Any 75 yes no yes Phosphoric Acid 85% 75 yes no yes 
Caicmm Chforide .sard 75 yes no yes Potassium Acid Sulfate Safd 75 yes no yes 
Calcium Hypoctl!or:te ·Sat d 75 yes no yes Potassium An!imonate Sat'd 75 yes no yes 
Carbon:c ACld Sard 75 yes no yes Potasswm Bisulfite Sat d 75 yes no yes 
Casein ' Satd 75 yes no yes Potassium Cnloride Sat'd 75 yes no yes 
Castor OH My 75 yes yes yes Po:assmm Cuprocyaniile Said 75 yes no yes 
Caustic Soda 35% 75 }'es no yes Potass1urn Cyanide Satd 75 yes no yes 
Caustic Soda 10% 75 yes no yes Po!assium Diachromate Sard 75 yes no yes 

• Caustic Potash 35% 75 yes no yes Potassl!lm Hypochlorite Satd 75 yes no yes 
Caustic Potash 10'\.'o 75 yes no yes Potassium Su!lide sara 75 }'es no yes 
Chlorine Water Sal'd 75 yes no yes Potassium Ttnosullate sa:d 75 yes no yes 
Chromium Plating Solution Any 75 yes no yes Propyl Alcohol Sara 75 yes no yes 
C1tric Acid · Sat'd 75 yes no .yes Rhodn;m Pla!ing Solution Sard 75 1-'eS no yes 
Copper Chloride {Cupric) Sat'd 75' yes no yes Silver Pfating Solution Sard i5 yes no yes 
Copper Cyanide Plating Sol Any 75' yes no yes Soaps Any 75 yes no yes 
(High SpaedJ Any 75 yes no yes Sodium Acrd Sulfate Sa!'d 75 yes no yes 
(with Alkali yanides) Sara 75 yes no· yes Sodium A1timonate Sa!'d 75 yes no yes 
Copper Sulfate Sard 75 )'es no yes Sodium B1tarbonate Sard 75 yes no yes 
Cocoanut Oil Sa!'d 75 yes yes yes Sodium Bisulfite Sard 75 tes no yes 
Cottonseed Oil Sa rd. 75 yes yes yes Sodium Chloride Sat'd 75 yes no yes 
Disodicm Phosphate Sat'd 75 yes no yes Sodium Cyanide Sard 75 yes no yes 
Ethyl Alcohol Any 75 yes no yes Sodium Dichromate Sat'd 75 yes no yes 
Ethylene Glycol Any 75 yes yes yes SodiUm Hydroxide 10% 75 yes no yes 
ferric Chloride 45% 75 yes no yes Sodium Hydroxide 35% 75 yes no yes 
Ferrous Sulfate Sat'd 75 yes' no yes SOdium Hydro:dde 73% 75 yes no yes 
Fluoboric Acid Any 75 yes no yes Sodium Hypochlorite Sa!'d 75 yes 110 yes 
Formaldehyde 37% 75 y~s no yes Sod;um Hypochlonte 15% 75 yes no yes 
Formic Acid 85% 75 yes no yes Soaium Sulfide Sa!'d 75 yes no yes 
GallicAc;d Sa I'd 75 yes no yas Sod;um Thiosulfate Satd 75 yes no yes 
Glucose An)' 75 yes yes yes Sultunc Acid 15% 75 yes no yes 
Glue Any 75 'yes no yes Sulfuric Acid 50% 75 yes no yes 
Glycerine Any 75 yes yes yes Sulluric Acid 70% 75 }'t!S no yes 
Gold Plating Solution Any 75 yes no yes Scl!vnc Ac1d 98% 75 yes no yes 
Hydroc!'lloric Actd 10% 75 yes no yes Suliurous Acid 2% 75 yes no yes 
Hydrochloric Acid 21.5%· 75 yes no yes SUlfurous Acid 6% 75 yes no yes 
Hydrochloric·Acld 375% 75 yes no yes Tan:1lc Acid Satd 75 yes no yes 
Hydrofluoric Acid 4% 75 yes no yes Tartaric Acid Sara 75 yes no yes 
Hydrofluoric Acid. 10% 15 yes no yes T1n Chloride Aqueous Sard 75 yes no yes 
Hydrofi.uoric ACid· 48% 75 yes no yes TI:1 Plating Solution Sard 75 yes no yes 
Hydrogen Peroxide 30% 75 yes !l:l yes Trie.lhaneolamine Sara 75 yes no yes 
Hydrogen Sulfide ·Sat'o 75 yes. 00 yes Trisodium Phosphate Sat'd 75 yes no yes 
Hydroquinone Any 75 yes no yes Water Sa! d 75 yes no yes 
Indium Plating Solution Any 75 yes no yes Wh!!e Liquor 75 yes no yes 
Lactic Acid 50% 75 yes no yes Zinc Plating Solution 75 yes no yes 

• Lactic Acid Any 75 yes no yes Zinc Suifale sard 75 yes no yes 

Thomas&/Jetts 
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Deal· • L 
PVC Coating Chemical Resistance Chart 

Solutions Cone. Temp. Recommended Solutions Cone. Temp. Recommended 

.. Exposure Exposure - Splashing liquid Fumes Splashing Liquid Fumes 
"' ~ .:::. 

Acetic Acid 10% 120 no no no Malic Acid Any so yes yes yes 

Actd Copper Plating SolutiOn 160 yes yes yes Methyl Alcohol Any 90 yes yes yes 

Alkaline Cleaners 160 yes yes yes Mineral Oils Any 90 yes yes yes 

Alummum Chioride Sa I'd 160 yes yes yes Ntckel Acetate Sat'd 160 yes yes yes 

Aluminum Sulfale Sat'd 160 yes yes yes Ntckel Plating Solution 150 yes yes yes 

Alums Sat d 160 yes yes yes Nickel Salts Sat d 160 yes yes yes 
Ammontum Chlonde Sai'd 160 yes yes yes tJitric Acid 35% 120 yes no yes 
Ammonium Hydroxide 28% 120 yes yes yes Nitric Add 40% 90 yes no yes 
Ammonium Hydroxide 10% 120 yes yes yes Nitric Acid 60% 120 yes no yes 
Ammonium Sulfate Sat'd 160 yes yes yes Nitric Acid/ 15% 
Ammomum Thtocyanate Sat'd 160 yes yes yes Hydrofluoric Acid 4% 140 yes yes yes 
Amyl Alcohol Any 90 yes yes yes Nitric Acid/ 16% 
Arsentc Acids Any 150 yes yes yes Sodwm Otctlromate 13% 130 yes yes yes 
Barium Su!llde Sat'd 120 yes yes yes Water 71% 
Black LiQuo: Sat'd 90 yes yes yes Oleic Acid Any 90 yes yes yes 
Benzoic Acid Sat d 160 yes yes yes Oxalic Acid Sat'd 120 yes yes yes 
Brass Plating Solution Any i60 yes yes yes Any 90 yes yes yes 

Bromtne Water Satd 120 yes yes yes Phenol Sat'd 120 no no no 
Butyl Alcohol Any 90 yes yes yes Phosphoric Actd 75% 150 yes yes yes 
CadmiUm Plating So!ution Any 150 yes yes yes Phosphoric Actd 85% 120 yes yes yes 

Calcium Btsulfne Any 150 yes yes yes Phosphene Acid 85% 160 yes yes yes 
Ca!crum Chloride Sat d 160 yes yes ~~es Potass1um Acid Sulfate Sat'd 150 yes yes yes 
CalciUm Hypochlorite Sat'd 120 yes yes yes Potassium Antimonate Sat'd 150 yes yes yes 
Carbonic Ac1d Sat'd 160 yes yes yes Potassium Brsulr:!e Sat"d 90 yes yes yes 
Casetn Satd 90 yes yes yes Potassium Chloride Satd 160 yes yes yes 
Castor Oil Any 90 yes yes yes Potassium Cuprocyanide Sat'd 150 yes yes yes 
Caustic Soda 35% 120 yes yes yes Potass1um Cyanide Sat'd 160 yes yes yes 
Caust.c Soda 10% 150 yes yes yes Potass;um D1achromate Sat d 160 yes yes yes • Caustic Potash 35% 120 yes yes yes Potassium Hypochlorite Sard 90 yes no yes 
Caustic Po:ash 10% 150 yes yes yes Potassium Sulfide Sat'd 150 yes yes yes 
Cnlonne Water Sat'd 90 yes yes yes Potassium Thiosulfate sard 150 yes yes yes 
Chromium Plating Solut10n Any 150 yes yes yes Propyl Alcohol Sat d 150 yes yes yes 
Cane Acid Sard 160 yes yes yes Rhodium Platmg Solutlon Sat'd 150 yes yes yes 
Copper Chloride (Cupnc) Sard 160 yes yes yes Silver P:ating Solution Sat d 150 yes yes yes 
Copper Cyanide Plating Soi Any 160 yes yes yes Soaps Any 90 yes yes yes 
(High Speed) Any 180 yes yes yes Sodium Acid Sutrate Sat'd 160 yes yes yes 
~1ith Alkah Cyanides) Sat'd 160 yes >'eS yes Sod1um Ant1monate Satd' 150 yes yes yes 

opper Su!late Sa!"d 160 yes yes yes Sodium Bicarbonate Sat d 160 yes yes yes 
Cocoanut Oil Sard 90 yes yes yes Sodium Bisulfite Sat'd 90 yes yes yes 
Cottonseed Oil Satd 90 yes yes yes Sodtum Chloride Sat"d 150 yes yes yes 
01SOd1um Phosphate Sat'd 160 yes yes yes Sod:um Cyamde Satd 160 yes yes yes 
Elhyl Alcohol Any 90 yes yes yes Sodium Dichromate Sat d 160 yes yes yes 
Ethylene Glycol Any 90 yes no yes SodiUm Hvdroxide 10% 150 yes no yes 
Ferne Chlonde 45% 120 yes yes yes Sod1um H}'droxide 35% 120 yes no yes 
Ferrous Suifate Satd 150 yes yes )'eS Sodium Hyaroxtde 73% 160 no no no 
Fluobonc Acid Any 150 yes yes yes Sodium Hypochlorite Satd 90 yes no yes 
Formaldehyae 37% 120 yes yes yes Sodium Hypochlorite 15% 120 yes no yes 
Form1c Acid 85% 100 no no no Soaium Sulfide Sat d 150 yes yes yes 
Gailic Acid Sat'd 150 no no yes SodiUm Thiosulfate Sard 150 yes yes yes 
Glucose Any 150 yes yes yes Sulfuric Acid 15% 120 yes yes yes 
Glue Any 150 yes yes yes Sulfunc Acid 15% 160 yes yes yes 
G1ycenne Any 90 yes yes yes Sulfuric Ac1d 50% 120 yes yes yes 
Gold Plating Solution Any 150 yes yes yes Sulfuric Acid 70% 90 yes no yes 
Hydrochloric Acid 10% 120 yes no yes Sulfuric Acid 98% 100 no no yes 
Hydrochloric Acid 21.5% 120 yes no yes Sulfurous Acid 2% 120 yes no yes 
Hydrochlonc Acid 37.5% 120 yes no yes Sulfurous Acid 6% 120 yes no yes 
Hydrochloric Acid 37.5% 90 yes no yes Tannic Acid Sat d 90 yes yes yes 
Hydrofluoric Acid 40' 140 yes no yes Ta:-taric Acid Sa!'d 90 yes yes yes ,. 
Hydrofluoric Acid 10% 120 yes no ~~es Tin Chloride Aoueous Said 150 yes yes yes 
Hydrofluoric Acid 48~'o 120 yes no yes Tin Plating Solutlo:l Sat'd 150 yes yes yes 
Hydrogen Peroxide 30% 120 yes yes yes Triethaneolamme Satd 150 yes yes yes 
Hydrogen Sulfide Sat'd 120 yes yes yes Trisocllum Phosphate Sat'd 150 yes yes yes 
Hydroquinone Any 90 yes yes yes Water Sard 160 yes yes yes 
Indium Plating Solution Any 150 yes yes yes Whtte liquor 90 yes yes yes 
La~ic Acid 50% 120 yes yes yes Zmc Platina Solution 160 yes yes yes • :..actic Acid Any 90 yes yes yes Zmc Sulfate Sat d 160 yes yes yes 
Lead Platmg Solut•on Any 150 yes yes yes 

Thomas&Betts 
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NEMA Standards Publication No.RN1-1998 

Underwriter Laboratories, Inc. (UL) 
333 Pfingsten Road. Northbrook, !L 60062 

UL 6-1993 Safety Standard for Rigid Metal Conduit 

UL 1242-1992 Safety Standard for Intermediate Metal 
Conduit · 

SECTION 3- EXTERNAL COATINGS 

3.1 Thickness 

The thickness of polyvinyl chloride (PVC) coatings shall 
be a nominal 0.040 in. {1.02 m·m}: The tolerance on the 
coating thickness shall be +0.010 in. (0.25 mm} or ·0.005 
in. (0.13 mm). 

3.2 Coating Material 

The PVC coating shall have the properties specified in 
Table 3-1. 

Proeerties of PVC Coatinss Table 3.1 

Minimum ASTM Test 
Property Requirement Method 
Hardness: 

Shore A 75 0 2240 
Sho're D 25 D 2240 

Tensile Strength. psi 2000 D 638 

Elongation. percent 200 0638 
Dielectric strength. 

volts per mil 325 D 149 

Brittleness temperature, 
degrees F 5 01790 

3.3 Application of Coating 

3.3.1 Cleaning 

The exterior surface that is to receive the coating shall be 
free of grease, oil, dirt, and other extraneous matter. The 
surfa~ shall be cleaned.in such a.mahner that the 
galvanized surface of the conduit is.not harmed or 
eroded. · 

3.3.2 Priming 

The cleaned exterior suriace shall be primed with an 
adhesive suitable for use with the PVC coating material 
to be applied. · 

3.3.3 Coating 

The PVC material shall be applied in powder, plastisol, or 
pellet form by a manufacturing method which will produce 
a. finished product conforming. to these standards. 

3.4 Elbows 

.Coated elbows shall be used with coated conduit. The 
thickness of the coating on elbows shall be in 
accordance with Section 3.1. 

3.5 Couplings 

Coated couplings shall be used with coated conduit. The 
thickness o1 the coating on couplings spall be at least 
equal to the thickness of the coating on the conduit. 

Each coated ooupling shall have a 11exible PVC~ sleeve 
which extends from each end of the coupling and which 
will overlap the PVC cOating on the conduit when the 
coupling has been installed on the conduit. 'The length of 
the sleeve extension(s) .shall be alleast equivalent to the 
t'lOminal conduit size for sizes up through NPS 2 (53). 
For sizes NPS 2·1/2 (63) through NPS 6 (155), the 
length of the sleeve extension(s)' shall be at least 2 
inches {50.8 mm). 

The PVC sleeve shall be a nominal thickness of 0.040 in. 
(1.02 mm). The inside diameter (id) of.the overlapping 
sleeve'shall be less than the outside diameter (od)'of the 
PVC-coated conduit. 

3. 7 Performance Requirements 

Typical physical requirements for PVC-coated conduit 
are given in Table 3-2. 

Typical Physical Properties of PV<;:-Coated Rigid 
Conduit and IMC Table 3;2 

Property 

Abrasion resistance, 
hours 

Bendability, radius 
in inches at 
73.4"' ± 1.8" F 

Requirement• 

200, 
no failure 

9 
(228.6 mm) 

Artificial weathering, Minimum 
hours 1000, 

no adverse effect 

Test Method 

ASTM G 6 

ASTM G 10 

ASTM G 23 

·The above requirements are based on testing a 0.040 
in. (1 .02 mm) PVC coating applied over NPS 314 inch 
(21) galvanized rigid steel conduit. See Section 1 for 
information on the ASTM test methods. 

3.8 Adhesion 

The adhes1on of the PVC coating to the conduit shall be 
greater than the st~ength of the coating itself. This shall 
be determined by making two circumferential cuts. above 
Yz ln. (12. 7 mm) apart. through the plastic to the 
substrate .. A third cut shaH be made perpendicular to and 
crossing the circumferential cuts~ The edge of the plastic 
shall be carefully lifte.d with a knife to form a plastic tab. 
This tab shall be pulled perpendicular to the conduit with 
a pair of pliers. The plastic 1ab snail tear -rather than any 
additional coating film separating from the substrate. 

Thomas&Betts 
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Deal~ 
Specifications For OCAL-BLUE PVC Coated Aluminum Conduit and Fittings 

1. All Aluminum rigid conduit prior to coating shall 
conform to Federal Specification WW-C-581 E, ANSI 
specification ceo. 1 and UL 6. Aluminum material shall 
meet or exceed 606.3. 

2: Conduits s.hall be investigated by Underwriters 
Laboratories for the PVC (polyvinyl chloride).as the. 
primary coating ensuring adequate protection. Conduit 
shall be labeled with the UL Label havi11g only one 
exception requiring the use of threaded fittings. 

3. The interior of the conduit shall have a blue 
urethane coating of a nominal thickness of .002" (2 
niils). 

4. The exterior. of the conduit shall have a PVC 
coating of a minimum thickne;;s of .040" (40 mils) 
applied by dipping in liquid plastisoL 

5. All coated conduit shall conform to NEMA 
Standard No. RN-1. 

6. The conduit shall be bendable, without damage 
to either interior or exterior coating. 

7. A .002" (2 mils) nomina,! thickness coating of 
blue urethane shall be applied to the exterior, the 
interior and the threads of all fittings and couplings. 

B. The PVC coating on all form 8 fittings s.ha!l form 
a gasket-like flange of at least ~s" wide and .040~ (40 
mils) thick covering the top of the fitting around the 
opening. · 

9. The PVC coating on all form 8 covers shall form 
a gasket-like flange of at least o/15" wide arid .040" ( 40 
mils) thick covering the bottom of the cover and mating 
with the flange of the fitting. 

10. Stainless steel encapsulated screws shall be 
supplied with all form 7 and form 8 fittings. 

11. AU hubs on fittings and couplings shall have a 
PVC sleeve extending one pipe diameter or 2 inches. 
whichever is less. The 1.0. of th~ sleeve to be equal to 
the 0.0. ofthe uncoated pipe. 

. 12. The bond between the coating and the metal 
shall be greater than the tensile strength of.the 
coatings. 

13. A loose coupling shall be supplied with each 
length of conduit. The couplings shall have longitudinal 
ribs ~o enhance installation. 

839 
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Deal~ 
OCAL Recommended Installation Procedures 

PVC coated conduit is installed in much the same 
:;; manner as conventional rigid galvanized steel conduit; 
~ however. certain precautions must be taken to 

compensate for the exterior coating and to assure 
satisfactory ~esults. By following these guidelines and 
by using the proper tools. a damage-free installation 
can be obtained. 

lt ls recommended that a yoke vise be used 1n the field 
for clamping PVC co~Ued conduit When using ~ yoke 
vise it is recommended that the standard tiardened 
steel jaws be replaced with the' specially designed 
OCAL JAW vice adapters that provide greater 'clamping 
force to prevent the pip_e from spinning during the 
threading operation. 

To hold conduit in any other vise. take two pieces of 
rigid conduit one siz.e larger than the coated conduit, 
6" - B" long. Using a band saw, slice them the long way 
slightly off center. Use the smaller slices, as a shell 
around the conduit (throw away the large ones}. This 
will grab onto a larg·e area, allowing a strong grip 
without damage to the coating. 

It is preferred that a roller-type .cutter be used in cutting 

•

the conduit as it results in a~" exposed area of pipe 
before the start of the .PVC jacket.. This will allow the 
threader dies to engage the conduit more easily and 
lessen pressure at the clamped area. 

• 

OCAL offers an electric bender manufactured to 
accommodate W' through 2" PVC coated conduit 
allowing damage-free bending. 

For 2W and larger sizes, a hydraulic bender is. 
recommended. Shoes especially designed for PVC 
coated conduit are available from most manufacturers . 

840 

If existing rigid hydraulic shoes (not EMT) are to be 
modified. acceptable results can be obtained by 
machining .060" from the inside of the shoe. 

To overcome any tendency of the conduit to slip 
vertically out of the shoe during the bending process 
and cause kinking, OCAL offers a pipe retainer clamp 
which can be modified to the shoes of any type of 
bender for s1zes 2W' or larger. 

A hacksaw or bandsaw will result in a flush cut of the 
PVC and conduit. In this instance it is recommended to 
taper~trim the PVC starting at %" from the cut. This 
"pencil-cur will allow the threader dies to engage more 
readily. !f the end is not trimmed. additional pressure 
w1ll be required to engage the dies. 

Use a reamer to remove ·any burrs or sharp edges 
caused by the cutting operation. 

Threading PVC coaled conduit with RIDGID hand dies 
requires modification to the dies. The inside diameter of 
the pipe guide of the die head must be machined out 
. , 20" to compensate for the PVC coating. Factory 
modified die heads are available from your distributor. 

After the new threads have been cut, it is important that 
corrosion protection be applied to the exposed metal. A 
degreasing spray should be used to thoroughly clean 
the threads and the internal ream. After the threads are 
completely cleaned. liberally apply KoprcShield'· 
Compound per NEG article 300.6(a}. 

Thomas&Betts 



i 
i 
~ 
! 
I 

I • ! 

i 
i 
! 

I 
! 
1 

1 
I 
~ 
' l 
1 
! 
f 
j 

i 
l 
I 
l 

I 
' l ! I 
~ 

• 

}: 

SPECIFICATION FORMS FOR PROCESS MEASURMENT AND CONTROL 
INSTRUMENTS. PRIMARY B.EMENTS AND CONTROL VALVES 

SHEET 1 OF 2 

PROJECT: GROUNDWATER TREATMENT PLANT 
TRANSMITlER ~I!SSURE DIFFERENTIAL INDICATING 

SPEC NO. REV. 
CUSTOMER: W.A. RASIC CONSTRUCTION DATE REVISION 
CUSTOMER JOB NO.: 712112008 FOR APPROVAL CONTRACT DATE 
PLANT: 
l-OCATION: REQ. P.O. 

I BY I CHK'D APPR. 

1 Tag No SEE SHEETZ Sllnlfee SEE SHEETZ 

2 Function Reconl 0 Indica!& (!I Control 0 Bllnd0 Trans[!] tntsgO Other 
3 Cue MFRSTD [!] Nom Size Color. MFRSTD (!I Other 
4 Mounllng Flush 0 Surface 0 YOke 0 Other PIPE OR WALL MOUNnNG 

II Endosure Class Ganellll Pwpose 0 waalller Proal 0 Explosion Proal Ill Other CLASS 1, DIVISION 1, GROUP C AND 0 
GENERAL For use In lnlrinslcally Safe Sy.stem 0 Other 

' Power Supply 117V60Hz 0 Otharac [!] Z4VOC \lOllS LOOP POWERED 
7 Chart 121n. Circ 0 Other Range No. 

8 Chai'IOnw 24hr0 Other Elec. 0 Spring 0 Other 
8 Scele Type Range. 1 2 3 

XMTR 
10 Transmiller 4-2DmA Ill 10-50mA 0 21·103 kPe (3·15 pSig) 0 Other 

Output For Receiver, See Spec Sheet 

II COI\IItiiMccles P=Pillp (Gein), I= lnlagml (Auto RIISBI), 0 = Oerivaliiiii(Re!&) 

Sub: s=Siow f= Fast nO ot(] PO PtO POD PI DO tsO oso 
Other 

CONTROLLER. 12 AdlOn On Meas lneressa OUtput lm:nlBS811 0 Oecmases 0 
1S AlJio..Man Swl!d"l None 0 MFRSTD 0 Other 
14 Sat POint Adj Manual 0 Eldemal 0 Ramols 0 Other 
16 Manual Rag. None 0 MFRSTD 0 Olllar 

1111 Output 4-2DmA 0 1G-Ii!lmA 0 21-103 kPe (3-15 psig) 0 Other 

17 Sllnlfee Aow0 LevatO Oiff. Prassure [!] Other 

18 Element Type Diaphragm Ill Bellows 0 MIII"CIIl)'D Other 
19 MsiBiial SDlly 318 Element 316SS 

UNIT 
zo Ra!mg Ove!lllnge BOlly Rating 2320 palg 

21 Oiff. Range Fixed 0 Adj Range 0-15PSID Sal POint 10PSIO 

22 Elevation Suppnsssion 

23 f'rocelltl Delli Fluid SHEET2 Max Temp. ~I: MilK Press. 

24 Prooess Conn. 1121n. NPT [!] Diller 

25 Alarm Swilchea Quamlly Form Rslln11 

26 Function Meaa.Var. 0 DeviatJon 0 Conladsto on Inc Melli. 

27 OpliOns Pnsssuns Elernem 0 Range M818nal 

Temp. Element 0 Range Type 

FIHReg. 0 Sup.Gage 0 Oulpu1Gage 0 Charts 
llalve Marulold 03011RT»A11B7 

Cond.POUI 0 AIIJ.Oemp 0 lntegnd Sq. Rt. Ext 0 
lnlagrator 

Diller 

28 MFR & Mcclel ND. ROSEMOUNT, 3051CD2A02A1AA01H2 

NOTES: 
1. VENDOR TO CONFIRM MODEL NO. 
2. A STAINLESS STEEL TAG, WITH TAG NUMBER STAMPED, SHAU. BE PERMANENTLY ATTACHED. 
S. UNIT SHAU. BE FM APPROVED. 

ISA Form S20.20a 

42!11l PDIT.>dl ISA FORM S20 20o 
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The Investment with Measurable 
Returns 

The Rosemount 3051C Pressure Transmitter established a new standard in 
pressure measurement technology. This revolutionary transmitter introduced 
the Coplanar(TM) platform and features the most extensive breadth of offering 
in the wor1d. Even under the most demanding conditions, the performance 
specifications provide unmatched long-term stability and reliability second only 
to the 30515. 

The Rosemount 3051T Gage and Absolute Pressure Transmitter 
combines proven sensor and electronics technologies with a single 
isolator design for absolute and gage pressure measurements from 
0.3 to 10,000 psi. The 3051 T provides a superior alternative for 
measuring absolute or gage pressure with the rugged, reliable 
performance that is characteristic of Rosemount pressure 
transmitters. 

Click here to save up to 
$267 U.S. per 

Rosemount 3051T 
installation 

• Total Performance of 0.15% represents transmitter performance under real operating 
conditions and increases loop performance and productivity. 

• Performance over time represents transmitters performance over a period of time under 
changing conditions 
-Guaranteed stability of 0.125% over a five year period. 
-Reduced calibration frequencies save operations and maintenance costs. 

• Dynamic Performance measures the speed of the transmitter's response to process 
changes. 
-7 to 1 0 faster than other smart transmitters 
-Increased control and optimization of the critical loop. 
-Increased plant safety and productivity. 

• Rosemount Complete Point Solutions ™ are engineered measurement solutions that 
combine the best products and installation practices. 

Applications for the Rosemount 3051 Transmitter 
The Rosemount 3051 performance specifications guarantee accuracy and stability under the 
most demanding conditions. The flexible CoPlanar™ platform design offers the best solutions for 
your application needs today and provides a seamless pathway to future technologies to meet 
your needs to tomorrow. This pathway includes technologies such as PlantWeb™ architecture 
and Fieldbus. 

~- -'---'--'----'-~G-e-'-n-'-e-ra"""'I-S~p~e~c-ifi--ca'-t"""io"""n-'-s-'--'-----~-'-'-"'---"'--- ----'-~--.1 

jTotalPerformance ;[!o._1_5_% ~t:spa.~ _ - . . -- _----· -~ 
!Reference Accuracy :&: 0.065% of span 

[Rangeablllty - 111 00:1 -~~~ 
fo~~~~---- --~- _:r-14--~-0~-~~- A-__ -dc ___ _,w-:-ith~H~A-=-R-=T-=P_.~~-t-oc-o-'1----~--------~-----~~--~ 
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Product Data Sheet 
00813-0100-4001, Rev GA 
Catalog 2006 - 2007 Rosemount 3051 

Ordering Information 

TABLE 11. 3051C Differential, Gage, and Absolute Pressure Transmitters-= Not Applicable • = Applicable 

Model Transmitter Type (Select One) CD CG CA 

~}9.~a.q'?~.t~!ff~~'!~1£'!:f~~~tt~~~':l~&";\~:::~..:.~3i!i~~~a?4};;:;:~Cf!.~;:t.:t;~.a~~~).~:::.~~.'_7v~~~.~~~~~~~~r.:,s:-~··I>t'::"'2~-1.~j.;.0!}~ .. ~!~-;::~~~ .. -
3os1cG Gage Pressure Transmitter 

2 

4 

-250 to 250 inH20/2.5 lnH20 
Hi23 to 623 mbar/6,2 mbar) 

-300 to 300 psl/3 psi 
(-20, 7 to 20,7 bar/0,2 bar) 

-250 to 250 inH20/2.5 inH20 
(-623 to 623 mbar/6,2 mbar) 

-14.2 to 300 psi/3 psi 
(-Q,98 to 20,7 bar/0,2 bar) 

0 to 150 psia/1.5 psia 
(0 to 10,3 bar/0,1 bar) 

0 to 4000 psia/40 psis 
(0 to 275,8 bar/2,8 bar) 

Code Output CD CG CA 

A 4-20 mA with Digital Signal Based on HART Protocol 

~~~?~~~~~~~~~~~-'tm~J_Q!@,t§ltiii~~(f~9.9lt!A!ft~t~1r~'¥~{ePli~in~i.t9~~~-:ttl~J~~r"'~~;~~tt~~8~~~~~~~1i~: 
F FoUNDATION fieldbus Protocol ~ ' • ' 

~~~~tJB:~mfJ9Ht~~a;~~~~~~~~~i!~1~~\~~~~~~~~£~~~~~~~~;~$~~~~~}~t~lfi\~~~;~~&":1~~~~;;;~~~~~J~;~ 
Code Materials of Construct1on CD CG CA 

Code Jsolatmg Diaphragm . - CD CG CA 

2 316LSST 

Code 0-ring 

Code Fill Fluid · CD CG CA 

Silicone 

25 
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Rosemount 3051 
Product Data Sheet 

00813-01 00-4001, Rev GA 
Catalog 2006 - 2007 

TABLE 11. 3051C Differential, Gage, and Absolute Pressure Transmitters-= Not Applicable • = Applicable 

Code Housing Matenal CondUit Entry S1ze CD CG CA 

A Polyurethane-covered Alummum Y.-14 NPT 

rf}~§~t;~r.·~~IYQ~tn~!l~!!t!~~~m~n~if!?[~~t:~~l~~~lMg~~~~~~t.<2~Q#~~t~~~~1~~~~~~1~t~~~;[:~~{~~~~:¥£.~{~{~~~~~~~~-~~~:·~~~ 
C Polyurethane-covered Aluminum PG 13.5 

~~1.~9~~~plf[f!!tt®.~~t!Jfl~J~f.~~iili~~~~~~fi-?f~~~l~~:t~~~~~~i~~Jf.f~~~~1ti¥$:~fi~S}~~l~f~~:1~~i~0Bt~~t~~;t~~~:~!~;~{~: 
J SST Y.-14 NPT 

Code PlantWeb Functionality CD CG CA 

A01 Advanced Control Function Block Suite 

~~~~9lff~~€Pl:(~~~QN;fi~jd~_S]b18Q!f~~!SU~~~;~J~$}¥~~~~~}i~:~~~~t~~~~~~~~~~~~lft~~~1~~1i{{Er~'i;~~f~%~~~1~~ 
Code Alternate Flange Options (Requ1res Materials of Construction Code 0} CD CG CA 

H2 Traditional Flange, 316 SST, SST DrainNent 

;{~~~~!lf~~i~~~l~~n@!~§.·~li~-,r~~t~r~~~~~~@!~t'Q~~:.i?lir&v.~~fu~fftt.~i~(~1~~1~:~~~~'1i~';Jf~\~~~~~~~~~1~~~r1--\·~i~:,\1\?~'.@.~~1?~:~g~;~ .. :~~ 
H4 Traditional Flange, Monel, Monel DrainNent 

~i.gH~1l~+:ol'i8ditioii~ttta'nglf.::3f~l5ij'f1~&a~t~no.Y~c2t6~b1aiWY8ilH~i:h,~~~:g~~-,~~¥:'"":~f'-?:z~~~i~:·,~:I:1"f;<,';::;..~";'"'"" ""~;:s'''ie~~;i;;·:~:;. '·'·"o::;:.;'f:t~ ·.·- :: '"''"tit ' - oit.i c~;;;pli~ri't T;:&ditio,;i Fla;;g~~· ssf."7;;&'i;;': Ad~~~,;;,·;~ifuid·B~iil~' -- ~ --'-Y •·'··. __ , __ ,_ •;-'" . ~ '·" • • - '' ~ , __ "-"·' ~ .. 

~~~~~~~~-q~H-~~~~~~(t~~~9fta!~~~~~~~~~!ftiQ)ifl'ffl~~~~¥~/rf.inif~<iJ~9,tr~~~Wf~:~:~~0~Bi~i~~"~~-~,j~f~i?f!i;~~;(~:,;;,:;:,_'t:·::~;~~~;~·iti~:,~:~~-: 
HL DIN Compliant Traditional Flange, SST, 12mm Adapter/Manifold Bolting (Not available on 3051CDO) 

~~~~~~~~1f~~Y~~~~~ti~~:~~t%~rt!tm_~~~~~~~~1§P11Y.i!l~~M~li~~~Jm~~~~;:jfi;~~tr:t~~;t~f-~~~~~~:~::t{~~t{11?f·~.-7~~~~~~1~~~:;.\~:·,.~,i\i~\~j~~~·:,~~· 
FB Level Flange, SST, 2 in., ANSI Class 300, Vertical Mount 

?.~~~~!3~i1·~r~~Y!If~~~P~i~~~~~anm~~'~f~ijj£!~~t~1i.l~f.~s;:~Qt~~~©tr~\~K;~~~~~~~~~·~~~~~~:rf~~·~Yf~~t~~~~1:~l:~l~1~~:~)-ft§t:?r~~f:~2 

FD Level Flange, SST, 3 ln., ANSI Class 300, Vertical Mount 

~~j~¥~~f~~,fti~~~~JJf{~Q~t~~T~;.~~~PJ~~!~W~~ifNf2~~l~~{~;tt-~'~.~A·~~~;::t~~~.~~~f~J?~~~~,~Ptt~~;0.~?:.~~;:~{J:::.:y~~::~~~I:~~:.~-.:·~~~~:=~·~~~.~,.~~~:·-:.~~~~~~:\v·:.:~.·~··:.·.::·_. 
FQ DIN Level Flange, SST, ON 80, PN 40, Vertical Mount 

Code Integral Mount Manifold Options (Requires Matenals of Construction Code 0} CD CG CA 

Code Integral Mount Primary Elements (Optional} CD CG CA 

S4 Factory Assembly to Rosemount Primary Element (Rosemount Annubar or Rosemount 1195 lnlegral 
Orifice) 
{With the primary element installed, the maximum operating pressure will equal the lesser of 
either the transmitter or the primary element. Option is available for factory assembly to range 1-4 
transmitters only) 

S3 Factory Assembly to Rosemount 405 Primary Element 

Diaphragm Seal Assemblies (Opt1onal) 
Code NOTE: Standard flange and adapter bolts are austenitic 316 SST. -CD CG CA 

S1 One Diaphragm Seal (Direct Mount or Capillary Connection Type) 

~~f~~~~~~~tn>t~i!til~g§;$~':1P.tOC~~M~~~tPr:~~ilP!II.~ri~Pry~!t~~~WlP~}~~~~~~~~~~~\fi:~~~~'~.i~!¥.~·~~~iYf0~~~~:11£~~3l~~~~~1~-~ 
Opt1onal All Welded Diaphragm Seal Systems (for h1gh vacuum applications} 

Code NOTE: Standard flange and adapter bolts are austenitic 316 SST. - - ' · - CD CG CA 

S7 One Diaphragm Seal, All-Welded System (Capillary Connection Type) 

:~~i~PK:i';;.tr~~·"<pl~e~~~w-~"~~!t:~~YJ~Id~~t$~iilfflt.@ijpJ)1~t¥j9QJlij~¢tl@~twe_~;,~~;/:t~;~~~f,::~~~~'~;~~;:~;P~'i~~,¥:~~;;>~:--"~~~,>~~':;,~~f'~~:~:;i. 
SO One Diaphragm Seal, All-Welded System (Direct Mount Connection Type} 

:,~;~~~g;::~;t~'l:l.l~iJti~Jin.);~j~!~l~!~'W:~I~~a:~i~"-:1~9~~Q!~9_j~~'M~~%~11iqne~~aJ>iflaJ)I~C,Q-~~ectlcr~·:ty~)ff1\ir~:':.::,.~·~t·-:It~:,,_:-:;;::~·.:'~-:-~:>'.{ 
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Product Data Sheet 
00813-0100-4001, Rev GA 
Catalog 2006 - 2007 Rosemount 3051 

TABLE 11. 3051C Differential, Gage, and Absolute Pressure Transmitters-= Not Applicable • = Applicable 

Code Mounting Bracket Options CD CG CA 

84 Coplanar Flange Bracket for 2-in. Pipe or Panel Mounting, all SST 

{~i~!~t~~~~t~~~~Q!ff!!OQ~~~~~~1!X~~~~§Y~~fi(tf~~1~~~~i~~~~~y~~~t~~~~1t~.-~t~I~~~i~~~i;f:~!~~~{~f:J~S~tl~~~~~~~t~t~~:~~ 
82 TradiUonal Flange Bracket for Panel Mounting, CS Bolts 

~'~2\.~itt?.\i~t~eJPW(~lf:ill~~i~~!;furrt~:l3lP.!~§§~ti~d~§1~gf~j[j~\~~RKf.~~?i1l2£?Jf~~~;~zt~li,:"~{~~f"~~~-t:,;;0%;l<.,::~',':;:: 
87 B1 Bracket with Series 300 SST Bolts 

Code Hazardous Locations Certification Options CD CG CA 

E5 FM Explosionproof Approval 

~)t~~~!t~~f~i~~l~l~~~~ltfP~J1ry~~~:~l!'JY~~R~B~~~1~it~~~.~~~:r~~~~l~~~~~~~t~lR'0~~~?~t4f4~~~~f~f~t~~~1f~~;~~~?}~;~;~~~~~.~}:1.f:~:~· 
K5 FM Explosionproof and Intrinsic Safety Approval 

~~%;~~11~~~~~lij~m~~;~~1~1YZ!:q~~~JCJ~n~~~(!~J.:~"i~~~~~~J~~w:lli1f~¥!J.~~~~;~~~~~t~~~*~~J~?~;~:,~~~~;c;_*~:.~~::;~~&: 
N1 ATEX Type N and Oust CerUiication • • • 

·-?t~J¥~&tt~l~l!~m~~J&[ff.~:~~:9~f~~~-lif]!~6lo/;~~~J~~l,1~~1~L~tiili~:1Rf-0~~?2~t}~}~~Y:~X?~1t~~0~F.?\.;t~~~~,~}ft\t~,~i~::~!ik!1~~~1~~b~{"·~~ 
E4 JIS Flame-proof Certification 

;t?~~~;~if~~.J!~~.f1ii!l!i~~l~~r~~w.{2~f!ln9l~i?~(ti?.~~~~i~fif!;~~l~t"q;,li9n;c!?~~~:x:~f:;:xig\K:i·t-~(~;;.{?~:~~tj,J.fQ:;·;·,i~~'-:::~':~)·~~~;p~;;';:r,~·-
cs Measurement Canada Accuracy Approval (Umlted avallabi/Hy depending on transmitter type and range. 

Contact an Emerson Process Management raprasentativa) 

fj}~9,f~~~~'~t?~~~~~!~~~fi1P.:~t~~~1flri~:R:~~!~fi'N!@xw.a~~~~4~~~~~"i;f>~T~\}~~~;~~I~~~~ .. ~3i&~~~~~~;~:;r;_.,~T-\~~1!.i.:: .. r;~i,'~~--
Ks CSA and ATEX Explosion-proof and Intrinsic Safety Approval (combination of C6 and KB) • • • 

,,~;~1~~-~0"EM:~n9.<P~~\~~~~~l'9B.~S.rt9~1vm~~~l~!tt.~P1!f>t~~~~Wo~~~'lrt~~o_n:{9.~~~~-:9.~m~.~~tt::~~:~:~Ji1i¥1;t:~.rj':~~~i~~x~t-('~\:::'· 
K7 SAA Flame-proof and Intrinsic Safety Approvals (combination of 17, N7, and E7) 

.i~,~~~~~~ff"A~~~~fttt!tP~f\~1i~~~t{i~@sat~iY.-.~iii?!Y~~~~J~n.Jl?i~~ti~1f9f\.tij;~·n~£E.s)~1;~~}.~~rJ:'~i\:·+~~:JN·;.?~t·,~;',:·:.~\~~·:··:.<,··:,:;,:,'·?;;:~~ ::~,, 
KD FM, CSA, and ATEX Explosion-proof and Intrinsically Safe combination of K5, C6, 11, and EB • • • 

f~~~i~~~\~~rJ)i!f)b~~~lY~~~~~~~nt~~t\tttt~l~~~~\~i4~5~§~i1;\~1!~·~~A~S:~~~f}~~-~.t~~~0~\~t:J:~~~/~~,~~~~·~:~:~~;t~fG:~~A?~:·~.~~{~~:~·:(~-~~~~\~;~.·· 
E7 SAA Flame-proof Certification 

~~~~S~}~~tf{M!~P1~~9!1f§.~~qp~~~a~%~j\~~t~~~itU%~~~~j~~~~~~~1~~~:~~i;~~~~f";\~!~~;:~~,1:~~~;;?}~:~f~};t:J.t~~~;~~~2~~~~.g~ 
lA ATEX Intrinsic Safety for FISCO; for FOUNDATION lieldbus protocol only • • 

Code Bolting Options · CD CG CA 

L4 Austenitic 316 SST Bolts 

LS Monel Bolts 

Code Meters (Optional) CD CG CA 

M5 LCD display for Aluminum Housing (Housing Codes A, B, C, and D only) 

-~~?¥M~;,~,\-t~®i~l~pi~Y.~~i,;~~t~t!9~l~9W;!o~J6g<¢Qa~~NS~~~~!i~lMt~iiri>fft~oi:i~~l~}~$;;\~~?!:~:.5~~~.'~ -';.:~~;~r0~,;~,~~ ~~~?~, '~,1~)-~~~t~~~\;'T::·':".':!~{·::_~: 
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TABLE 11. 3051C Differential, Gage, and Absolute Pressure Transmitters-= Not Applicable • = Applicable 

Code Other Options _ CD CG CA 

C4 Calibration Data Sheet 

Custom Software Configuration (Completed COS 00806-01110-4001 required with order) 

~~€f~tf~~~T9~~r~wJ~~£~~e~!~W!!!t!?Ju~~ftW)l*~ll}!®JJiJf~i?f19.i~9[1f!\~~~;9riw>hl~~':t:·~~·;~~:j~~f.1;JY-~~··~~~~,~·:.~.~,'~~!;·~~~-.·;'~·.~: 
C3 Gage Calibration (3051CA4 only) 

~J~'if.j~.~·r~~ff~~~::~:!''-!!~~11!1it~ftt~~~~~B~W:m\!r.9~~911~~~!:~?ltt~2W~i~~~~~~~:.~~J.~~£4~r·1ff~~:~·~~~~~~f~~t~~~~.~~1~'~::~;~:~~ 
Analog Output Levels Compliant with NAMUR Recommendation NE 43 Alann Configuration-Low 

~Wf~~,.~~~:.~trJ:tY5!f§~i!~l;t4f!.uiJ}~Jftl.~~~90•!1\,~~~~,~~~l~r~~~~~t~~r~~~1£J~~~~~~-;~?~~~~~~~~~%;t~;:~J~.;.~<J·.t~~~:~~:-~t~.~~~0-.~\,i-~·.~~~\~~::~·} l~: 
P2 Cleaning for Special Service 

~rl~~{~3Jti~~~.n~f9t~~ae~~h\9lt~~,~Pfi1ti~~zt~l-~~ti~~t~w;~~:t~~~~~~~~\{~~1~~Jtt~t:n.~-;~:;t~~~0~~~~~3:?.~~f;~~.~t;~:~~~~~·~~~~~~\ .. t!±~-~·t}·:.~~~ .. ~(:~·~ 
P4 Calibrate at line pressure {Specify Q48 on Oftier for C011'8sponding cettificate) 

>·~,>Jfitf;:,~;,; ',;IJ..,'fl.-!1 <A";.:ifrtl"''"' ""'><-7'~.:":'1L>;ii·'~ii:i;;:, "ri · 'I'~A:t~.P·:si;ti"'~·" ,,,.<,~--·' •t' ""'-'-1'·'·1>'"~"tt· ;:C"~lf;>c~' 
.eo;~J.r,!;.'.\.:.\Hi<;!~J'!-~N!~!l9~~~\fflRII?I.l!'!t ~,,'!;f.~J~ .lll.;~'l'~r:~:·!l~-, .Y~,·~OQ1NY11:!_.~u~.-""'''-'~- ":..:.;· ;;;·.: :-~- :",. 

07 Coplanar Flange Without DrainNent Ports 

)J~~~@~;~-ilh~~t~T19~~~-~~!f~~~f~~~~!~~t~~~i~tqi%:~~~.tf~f~~~t~·~}~;g~.~~~/:~:t;t;i~~~··:~;:,\~~·}~~~~~;~~~:~~:~~-V~~~~~!;~:~~~:~: ~~~:~~~ 
09 JIS Process Connection-RC % Flange with RC % Range Adapter 

~t~)~~~~t'{·1~\il~~~~t~~~.t91~~~1JiP.§Wdit~g!~~)h~~!~~~J~ti~}I~;fi~~~~Iii~~~.:~?;~):.~~~~;~~,r.~r~~r;·~~;~::~:~~~:~:~{l'\~;~;;~~~~~~··~:;~:_;;~~~~,~~~~r:~Jr·~~i~· 
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P9 4500 psig Static Pressure Umit (3051CD Ranges 2-5 only) 

Typical Model Number: 3051CD 2 A 2 2 A 1 A 64 

(1) 3051CG lower range limit varies with etmosphBnc ptVSflure. 

(2) 3051CDO is available only with Output Code A, Process Flange Code 0 (Alternate Flange H2, H7, HJ, or HK), Isolating D1ephragm Coda 2, 0-ring Code 
A. and Soiling Option L4. 

(3) Not evailabie with haz81dous locations certification Options Codes 11, N1, E4. K6 8tld KB. 

(4) Materials of Construction comply with recommernJations per NACE MR01751/SO 15156 for sour oil fleJd piT)ductjon envirDnments. Environmental limits 
apply to cena/n materials. Consul! latest lllandard for dataUs. Selected materials also confonn to NACE MR01 03 for sour refininQ envtronments. 

(5) Not available with Low Power coda M. 

(6) Not avallaola with Fielctbus (output code F) or Profibus (output code 11\?-

(7) Local zero and span adjustments are standarrl unlass Option Code J1 ot J3 is specifierl 

(8) NAMUR..cotnpliant operation is pre-set at the factory and cannot be changed lo slandarrl operation in /he fifllct, 

(9) Tha V5 option Is not neBdad with ltJe T1 option; ext:emel ground screw assembly is includerl with ltJe T1 option. 
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Product Data Sheet 
00813-0100-4001, Rev GA 
Catalog 2006 - 2007 Rosemount 3051 

TABLE 12. 3051T Gage and Absolute Pressure Transmitter 
Model Transmitter Type · · 

Code Pressure Type 

Code Pressure Ranges (Range/Min. Span) 
3051TGI1) · - 3051TA - · · · · 

Code Output 

.·.;:>~~::~.ct,.~?9.:~!\t\VithJ..P.,i9i.~I;~S,ig_ry~~~sedJ;oiJ!ftl~ti~i;Qts>co.l'ii\t"'f.~~:!f{J¥..:.~;.'l;i~;"s:M~;~s<.;>L<;J;e.·,::·"'""'.,.,""}''~':.::;"'~"~'"·'"';; ,,~J_,_,_,.::~-:"',;'·"·;.;·.,,, .. 
M Low-Power 1-5 V de with Digital Signal Based on HART Protocol (See Option Code C2 for 0.8-3.2 V de Output) 

(Not available with hazardous certification Option Codas 11, N1, E4, K6 or K8) 

~i;~E5~iJ~~~fl9..~NMtl~Y~'~Jiil~lif2li§.~![;lf~~¥l¥I~~~~~~~~1~JJ~~~~~if~\lt~~T&~~~~~~~~I:i\t"~~~tt:~J1~~t~~~i~~;}~~·~~~~~;i~if10{~!;~};~~:-~.~;;~~ 
W Prolibus- PA 

Code Process Connection Style 

Code Isolating Diaphragm Process Connection Wetted Parts Material 

2 316L SST 316L SST 

Code Fill Fluid 

Code Housmg Matenal CondUit Entry Size 

A Polyurethane-covered Aluminum Y.-14 NPT 

~-:::;~:l~~~i~:f?O.IY~~~~ane-;wy~~9AI~(!:ll~·ymJf;fi~~i!~\·;}tt!~-~~-t~i~1~~,l~Q!_&~~s:tc;:M1Q)}t~,.-;.,}:'.:-~~;i~Y.-"~:o--~-~:;-.-:I-:··~;i,z~},~'\~""-~<''·}~s~~:.;,:.~fi~~i-.;~ 
C Polyurethane-covered Aluminum PG 13.5 

:C[:~{p~~~~~;~_~Q~JY:~~(~~~!ft@#~~--~-~ij_6\~}~~~~:~~~~t~ff¥t~~~~~~~~~t~}}~t,~.;~?-~~~*~~t*,~·f~~~~i~~?\~p?_~·;~~~~~;~~;~:~~~!~.~:~~~~:::·\)~;;~·;~~~:~~~~·.,'f-
J SST %-14 NPT 

'i> ~. ~~~;·~ :1~ ·9-~J~i)~~~;:.:: ~ j._,:;;~ ~·£i:~:.~~\})~ J~C-~};~:-7.f£l;_~f[~~~~~~f~f:~ ~i~~~~fl= ~ ~ ~~~2l)~t1~£<((.~Qlf~ ~~--:.:· ~~-~~~~: ~.~:~-· ~~--~ t-: ;~ · ~/:~;~t=:-~:: ~'i~y .:~ ~ .. ~:·:, ·:~-~::·:7~: -;:~;J~---~· :' 
L SST PG 13.5 

Code PlantWeb Functionality 

.. i . .-~AQt .. ·,:- _Advanceci,-QontJy11Function,BI~ck,.S!Jite,,.;,,::;'.'~-'""''?. -··c:·, ~ "·"··:-.. :-~:.c.: : .. -::-··'·''·- ,_ ,,., ....... ;., ,:~--'"'· .. ··.-:.-;·, ..... : ,·,._ ..... _ .. , .·--.··.·l ... ,"·.;._: ..... . 
D01 FOUNDATION fieldbus Diagnostics Suite 

Code Integral Mount Manifold (Optional) 

55 Assemble to Rosemount 306 Integral Manifold (specified separately, see the Rosemount 305 and 306 Integral 
Manifolds PDS (document number 0081~100-4733)) (Requires 112-in. process connection code 28) 

Code Remote Diaphragm Seals Assemblies (Optional) 

51 One remote diaphragm seal (D1rect Mount or Capillary Connection Type) (Requires Process Connection Style code 28) 
Code Mountmg Brackets (Optional) 

84 Bracket for 2-in. Pipe or Panel Mounting, All SST 
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Rosemount 3051 

TABLE 12. 3051T Gage and Absolute Pressure Transmitter 
Code Hazardous Locat1ons Cert1f1cations (Optional) · 

Product Data Sheet 
00813-0100-4001, Rev GA 

Catalog 2006 - 2007 

Code Other Options . 

04 Calibration Data Sheet 

Certificate of FMEDA Data 

:g~~.te;~jij~ta\@6~Q&J~t:.:1Y~B1i;~~~~~~~~1:·:l~i~.\;::·~~~:~~J~';~;~~}~·\j~~;~,$\~~i~-~:;~~:i';fi~;;;.~:~~1\~:.~~~~~;:\:~~}~t:1~t~~:;~:\i}:?/~;~~w~~~~~~:L 
o Local Zero or Span Adjustment 

"~'MS''if'-'~' I!Ca~af""lav:f&;:Nu""ln\tm')J.;Ile"'l"fifg'·"'titwSin9· -\Q~es'W ;st:c"":;aifa~'orily'"~~"':~:'~~~· ·:~:i::;;;,:i>~·-"'.;;i(;-;$>'l:r ~~,~~;;?.~:.,.,:•:, ~~ "?:~~::1~ ,,,<'Jo"' , , ·!:;.~~ "t<J."vltt'"~~ ~ ... ~;: .... 4 ~ __ :t.~¥<:!.-&•so.'U~".__~#,~~ l!';'l!j~.~- }).~::,~...--.....-. ... ~ •. ~ .. ,~ ,..-·-!:·.·~ ._..~ ,,..:!~ ~· .,. -..-. ,t __ .... r It:.;:;- '8 , ,...."1':~7', ...., "!.~..:\ ,.}'t;~ ~·~·:z,.,..~ ,.........: -;,,X~·· • .::.;.~ ~ ~ s~·~,;:-....., :- ~;.:.< , .. ,.~ ··r: ~, t•,' 

MS LCD display for SST Housing (Housing Codes J, K. Land M only) 

~;.~~~~~j;~,~~~~~~~~~~~~~~'~;~~~~~~~rts~~~~~~~!~~;~,~~;?f(:~·:(:' 
:; -~·'lV"(I' '.()";~!lt,ooltll'i:'IJ~Ibitsr nal!£t sea:~'fN1ARtfimrocol~l· OuiP·m'ICo8!!1~:0?iiYl'?"'<-J\o::= ::~~: .,,. ,, ·-'/.:;:l'!'';l.:.J~i, .• 9 ... ~.~!.~,;~·~~~9 ............... ~.9~} -,:v'-\-~...,~)f,:,!v,...,.,_ .... \ .... ; .. ~ .. ,.-'l..,r:;\," ~~··'-'·T ~ 'J, > e.·.·~-~:;'', ,'"' 

Analog Output Levels Compliant with NAMUR Recommendation NE 43, 27-June-1996. 

\\9,~~~~;~:~p~.l99 :9~tpli!}~j3y~l.~\91?.:f!lpH,~J]t~ltt1\tj!fl;fV19,~~~~¢.®1lfiEifi9~t!~n~NE~'43.t!~qW;A!arri1\QQ~flQDilitlt_i~ ~;~.·: :~· 
P1 Hydrostatic Testing with Certificate 

·,~:~~f!.j;.\~.£1.~~olij~1~lfr.~.P~~t~~~i#~!ir;::;:~f&it;~''?Ji.l;zi'fi&.,~~·$:~~·~-:t;:!7:~::~;~?ir.:':~~:.i;·:~ , .. ;-{;',· 
P3 Cleaning for <1 PPM Clllorine/Fiuorine 
PS 0.04% accuracy to 5:1 tumclown (Range 1-4) 

vsiJl External Ground Screw Assembly 

Typ1cal Model Nt~mber: 3051T G 5 F 2A 2 1 A B4 . 

(1) 3051TG lower range limit varies with etmospheric pmssura. 

(2) Materials af Construction comply with recommendations per NACE MR017511SO 1 S 156 for sour oil field production environments. Environmentallimils 
apply to certain materials. Consult larest standard for date/Is. S!llected meterials also confosm to NACE MR01 03 for sour refining environments. 

(3) Not available with IDw-po!/1181' Option Code M. 

(4} Not ava11Bbla with fieldbus (output code F) or Prolibus protocols (output code W}. 

(5) I.Dcal zero and span adjustments ara standard 1/Jl/filiSII Option Code J1 or J3 is specified. 

(6} NAMUR·Complisnt operation is pnrset at the fsc:tDry and cannot be changed to standard operation in the field. 

(7} The V5option is not needed with T1 option; extemel ground screw assembly IS included with the T1 option . 
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Product Data Sheet 
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TABLE 13. 3051L Flange-Mounted Uquid Level Transmitter 
Model Transmitter Type 

Code Pressure Ranges (Range/Min. Span) 

Code Output 

High Pressure Side 

Code Diaphragm S1ze Mater1al Extension Length 

'"'l-'"'"'(30.,;~·~·'- ,_ ,2.,in/DN_50,(·.;•,,_.; ~-:!-! _.,.,,.:,1 .... '!:: ""''··:-,;·<''-:·'"' 31_6~~SSJ.;c:;,-;:J, ,_.,:c·· :. '"'-· :,,,,. •. >:·~< •'i''<'''Fiush,~OI,JI[t;c;>nly ~;'':.,'"""'': ,-, :1-:: J·~-- o., •• ~ ,_.,-~ ~:<'-!·~·'.. 
HO 2 inJDN 50 Haste/loy C276 Flush Mount Only 

.l.'~Ef;j~~l~fzf:t:;~;g!t~:rpM~99t!ltr~~~;~fi~~.~~~~:l~~~·~;~i1~~~l~1tt~11~~~1~!~--~};~~~~Ii~;~~~1~~~;~~f.~IU~:J!1~·nt~(t1Y~~*bi:r~~:~(~~~)t~~:~~;:,l*-~~ 
AO 3 inJDN 80 316l SST Flush Mount 

~~~~~~{f:4:~;~~~t~~~~nt~~i~9;~1J!~~~1·~:-~~;-~~;"'~i~i7S~~~ri~~tt~~l~~~1~~~~~1~~~~%~~~:~t;~~~;~;~~~~~~Y~~P.~Ili~~~~~~~~fi~~;~·;;}~I~~:~~;~=~~~!~·~~;~{J:;~~. 
A4 3 in JON 80 316L SST 4 in./100 mm 

~~Jt~~~~~~11,~~~~!~~~~~~~~~Jt~,;;;~tt~iJilf~1;t~r:~~~~1f~~~.;:~~i~};r:~;,~<i~~~~fi'~l-J.:~~,.~~~~~~!:i~~t~~~::c.':~k~~f,":~;;;H&t'1:(rZ:i!:~~~t:~· 

~~i)=l~~~~~~·~~~·:tt~~1tti.~J.~1J~~?~ .. ~t~~~}Ji!.~~~~\~~1·~~i$~~t~§~~~~J~}li~t~;,:~~~~(,~~.~~~~:i;f~~~~~-v~9JJ'm~t;~-~~~~~~:;~<t:t~~~~~~:;i~~~~=~:~~5)~1~fi~} 
B4 4 in./DN 100 316l SST 4 in./100 mm 

:~7't~~~~~~~~~~ ~;~~i~~l?~~~~~~;t~~~~·/f~~~f0:~f:'~Ji-~ ~4'-1!~~~~~!~{~~~:~~-~~~~ ~L&~:~ifi::~~::!~:·,~.~~:~?~~~Y~~.:(Il~~~~J.(1\~~t~:·;~ ·~:~~i;!:J:',~~~{~~~~:~:~~~2 
CO 3 ln./ON 80 Haste/loy C276 Flush Mount 

~~'~t~:~,9~;·:~~·~~~ .. ~t~~~~!~;,~~fi~q~~~r~lk~t(::~~]~~~~~r~~~-?J,;~: ~r~fA~~~:~~~~~~~;~{~:t~;~~:;~~~~1.o~!~~~m:.f~1~~~~;~\~r:~~~-';::r;~~:-~~::;t~~~~~~s,~~i 
C4 3 inJDN 80 H 76 4 in./1 00 mm 

~!1·~\}i~~f~~\t:tf~~~~i~~y~~;~.9}~~~~t!~~~t\}~~;~~tt~.:~t~~/if~'RY~~t~~~~~;);~i~~~~~~~&.~f~1}~~~],irt'[1.~~~}~r:~~\~~~;1~·;;~~~!~~~?:;:~:~,~;~~~-;·;~:£,;~:=t 
DO 4 in./DN 100 HastelloyC276 Flush Mount 

:.{r.~~~?;p,~~~~~~~.~~~:i~=~~~Nf:19l?F~ft~~~~~.~:t~~:~~:7J(tr~~~~·~~7il!,lf~fl~~g~{~~i~~~;~i.i;;1~*:~.;~3~~··~1:~~~{!~?i:~~~"t~~~~~~·~q;~t;~{~~~~~~~~~t\~?~i:·:~~~-:_,'t;i~~~:;~~~:: 
04 4 ln.fON 100 Haste/loy C276 4 in./100 mm 

t 1:.:0'~1,?~:;'f'::~&<,~~~l~>fRN~t9R~~~~(;.fj~~~~N~.~1:t!:-x\~5 ,;~':.~i~liJ~lftil!!?YJ~T!fi,[:~}~:\?J:~.i)~~','~·~r:'·: ,8:,i:?~~tl.l'f.1SOJT!!'!1~·~, ::·~~·::.f~~{.::;:/t;;,.~\:,\1~~~ f~:·F:,t;. 
EO 3 inJDN 80 Tantalum Flush Mount Only 

t·:;;~~·~~~\~~~;:?3·:,~i·~.,~\~~~ri!(P,N~~p~~~\~·~~~~~f}}.f..:t~3~~~~~~~~-~1~~~::J~\~Tt~~~~.ffi!~)~·:~$~~:~~I~::;·_'S~~~~~J~~~~~~·~:.~~}:~};f.I9'&~1~~UnfQ~~Y2Ji~S~~~;,~~~ft:~~:;~~:)~·~~;.Jz::~_~;·~~~ 
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TABLE 13. 3051L Flange-Mounted Uquid Level Transmitter 
Code Mountmg Flange - · · 

M 
Size 
2 in. 

ASME B 16.5 (ANSI) or DIN Flange Rating 
Class 150 

Material 
cs 

Code Process Fill-High Pressure Side Temperature Limits . 

Low Pressure Side 

Code Configuration . Flange Adapter Diaphragm Material Sensor Fill Fluid 

11 Gage SST 31 6L SST Silicone . 

~~ii2:.~~1~t1.#?.~~~0~j1~?!~~~~~I~!~~~li~t~~~\~~~~g~~~~~~~~~.t~~.~~~!i£)~~0~.~~~~:1t~~~t~~1~~~~~~~-~nr~r~:~Ii.~~t~§S:t~~~;~r!~~f}23· .. 
22 Differential SST Haste/loy C276 Silicone 

:~:::{,~g{~K).7;i'~P~~~@It~:~~~:c:i:.1'=;';~~s$!f~1i~f,~: .. rJ::'.~~:v.'~f~Jeii~s:i,13~~~~:r:~,{-;~t'~~;~i~::+;~?.;;~:Jnert1(Hak!~""fti9nJ~;::\i'o~?;~t,".~·"~t~·': 
28 Differential SST HastelloyC276 Inert (Halocarbon) 

;[~~~t~~'f~~~ftl9Rt~~~~~~~J~§.t~i'?~~f~~,'£1&~~,*.1t~~t~J§J:~~~t~;g~i~~~;~~;~~~t~li~erfR~ui~~~9Pf/!:iil.~9ife~fk1~ 
Code 0-nng Material · ·' 
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TABLE 13. 3051L Flange-Mounted Liquid Level Transmitter 

. Code Housmg Material Conduit Entry S1ze 

Code PlantWeb Functionality 

A01 Advanced Control Function Block Suite 

Rosemount 3051 

!01'b"Qb.ltf~F,Q;it,tQ..\iT£61i~frlil~§!f~!Ql~nl?~'!.~'iS~e.~~~!i':r2 .. ~~~~~1!~~~~~~~~t~1k1!'{~Mf~~{~~\S"&~~~~{r~'f~~i:#£~f1 
Code Diaphragm Seal Assembl1es (Optional) 

Code Hazardous Locations Certification Options 

::~-f.-~.:inE,5~1?f~~~-i:- ,;.:1k~M~;_E-;xp~o~iQ:'};P.~~f~~P"?.~~~:;,~~~i.i~:~~~;.~rk::-;: .... ~:.-2A -;{1:!:~~}-..:...:.;~~-:>. ~-}.;,:,. _ _;..;,\,..~·.?~\~: ;.t~ .. .: ;...P. ~':'.t':'i~~ ~~·--... · ·<!.:.; ·_-.=-··:F\-\,~~::.i-~{-.:, ~t- ~ .~~1:.-·~~ ,_ -;r.;;· ~ .;;~;(~u:.. ·:~"J::..-"· 
15 FM Non-incendive and Intrinsic Safety Approval 

'~\.f~;t~1$.~~~~:~f~i.f:~i§R!~~1~1\i?i99t~fim!li!lit!2~~ij~§'~Rf!~~~1~i!:~"i%~ll:{;;;y~:~;'~',t~r~0~~:1?;.~fiS:-.. >i:\:;,~~·::~~t\-~:(?.f?~1~(:';';,.:-:,;}\~/~~:;;;~::;~.::::.' 
11<1 ATEX Intrinsic Safety and Dust Certification · . 

~~~~~.z;~~~~t~~~~!lf&T~lNl~~~l29:!t~!J~!iR!.@2l1~fli~:~~~~~~i!~~~F:·~)~~~:~~;~~~~~~::~~,-~k;~~~~:~~:{t~~~Pt~~T;~~~-~~:~~~:;~i~~~~~~:~;~;~~~~-:?,:~~;~f~\~~~~f~;;~:··~--
Ea ATEX Flame-proof and Dust Certification 

~ .i\f~:4~~~~~f~i:~Y'~f.l7ii~!!J!!Pf~~~-~~~~~f~~1~1~t~~!i~~~~~t4.:~t~11~~~~t;~~~~~~-~~)~~i~~~:~if~1fi~~~~:m·~·:itt~~~t~i;~~j~~··-~~~~-~~-{~:~.~~~-·\lr::~.~:~~i. 
C6 CSA Explosion-proof and Intrinsic Safety Approval 

!-~0;:,~,:~£~~~4'~:·:i:..:S.~.5~~~~~:~B!9meif!t~~~p-~~ro.\rl.~.~!f~~"¥Y~:~RJ9xiil~!!l'?!na~.~h:9f~~~4e'~~'~(,~~~1/:1~Z;~;0;;,~.~?S:(~:i1j;~~~t~~';..:-. 
KB FM and CSA Explosion-proof and Intrinsic Safety Approvals (combination of K5 and C6) 

~N::i~~;"!S~4il~~::'~~~-~~'i1~!§t~n'!!~~n!lo~!91~~t~~$Ppfl>y~~t(C9ti!.blnau~itff~ll~l.l!~~~~en~'~:~/tf~:i,JS~·~'(,~:;:;:~~~:::t;:·~4.'':·~;:';:~~·::~~:.~r:;:;';:·i 
K811l ATEX Flame-proof and Intrinsic Safety Approvals (combination of 11 and E8) 

·~ ,.·.,v""l~l•·· ~, ·" "S. 'A'"',...io.'•"·'·..-;. >>-r.c~>rEN'I'~-·~· """···· ·• ,_ ....... ,;;.,.-·0 ,.,.,s-~til"•11:n .. , .... "!"'~~-·· .,_,._,,, .. tl. "-~·-,.·vs· .. ,.i:f'i~' '"''''"-r:a-·)·,-w., ... "' '. , .- ,.·•. ·-··- "'"''"" ::_:,;,· ·'r~~ <ii[f.? ,·j(i ~ ,,_@1.l.!X~rl\l!,~!'t.!!:'!J.~~1· .~., ~~'9l'&!".IP9\~~J'I,\'A.,.•.l!~~~~~~. -~.'Y.·I.ff.'!"PfQYa .ll~ml?ll'l!l ··"'"~!?!,~ ,- ;~'!¥·.~ •:i~n.u\~ . .\<r~~;;'.:.,: ,!,,-<·',' i;~ ;;::, ~:,_>::,:.~ 
17 SAA Intrinsic Safety Certification 

-__ ;~ ·~~(7!=?~;~~~~. ~.;..~ ~~~~~m~~~1:::2!~P.~~~~u£;~~~2~ ~.:~~~1i~L:7t;~~~~:t~~~ ::'~-~:;:t~-~ ~~~:~ ~ ·: ~.1 -~ ~· .:~~·~·~·:·:··:~;:~·~~~ :ix~r ~-~ ~t:¥ 0~~>~ ~~~::<::'; ~?.:\ ~·}: ~"j ~~~ ~~~~ ·-:_~ ··::· ~~~,:: .::· ~ ~-
N7 SAA Type N Certification . 

!,';:;j£:¥:iA~;tiJif~tl(~lEX~In'tfliislclSfif@tY?fO&fJS'Q'Q[!or.~ot/Ni:i;moN:~~~a6ifs$.fQ\O'«il;:polf\:'i~fi~;;;<'\"i.=t~;;;;i'ift$.r;·:,;~;'l;;~t~'J:i2~:~v,,~:e~;t;;•.;;:;;~;:;;-;,.;;,~ 
Code Boll for Flange and Adapters (Opt1onal) 

Code Meter Opt1ons 

.:,·.~· _ -}~5,.,.~~:. ,\·),:CD;_displayrfor,Aluminu!'I,.Housing:,{Avai/ab/e.~wit~;,Housing~s!,A. 1B,,;C,,a!lct~O-.only) ; .. o,~"~,, ·J,.,ooo-; . .,..,, "-' '""" :, ._,~·'; • ,,_,., "·' .. 

M6 LCD display for SST Housing (Available with Housing codes J, K, L. and M only) 
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Rosemount 3051 

TABLE 13. 3051L Flange-Mounted Uquid Level Transmitter 

Product Data Sheet 
00813-0100-4001, Rev GA 

Catalog 2006 - 2007 

Code Other Options . · · · · -

Q4 Calibration Data Sheet 

Code Lower Housmg Flushing Connections 

F1 
Ring Material 
SST 

(1) Not available with /ow-power Option Code M 

Number 
1 

(2) Not available with fieldbus (output rode F) or profibus prolocols (output rode IN.). 

(3} L.oca/ zero Blld span adjustments am standard unless Option Code J1 or J3 is specified. 

2 in. 3 in. 4 in. 

(4) NAMUR·Comp//Bilt operation Is pre-set at lhe factoty and cannot be changed to standard oparation in the field. 

(5) The V5 option Is not needad with lhe n option; extemal ground SCIBW assembly is included with the n option. 

(6) Not available with Option Codes AO, BO, and GO. 
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Product Data Sheet 
00813-01 00-4001, Rev GA 
Catalog 2006 - 2007 Rosemount 3051 

TABLE 14. 3051 H Pressure Transmitter for High-Temperature Processes-= Not Applicable • = Applicable 

· Model Transmatter Type (Select One) HD HG 

Code 3051 HD 3051 HG 

2 -250 to 250 inH2012.5 inH20 
(-0,62 to 0,62 bar/6,2 mbar) 

-250 to 250 inH2012.5 inH20 
(-0,62 to 0,62 bar/6,2 mbar) 

.t::·:"f"'IOOD ~) 
·fli:~~~~- ~:,, "·~·~§1~~: - -~~~~~~~p~~~~':Jr t~~{t~1~J;~~~{1':g~~~~Jt~~~~}~: 

4 -300 to 300 inH2 13 psi 
(-747 to 747 mbarl0,2 

NOTE: 3051HG lower range limit varies with atmospheric pressure. 

-14.7 to 300 psi/3 psi 
(-1,01 to 20,7 bar/0,2 bar) 

Code Output HD HG 

A 4-20 mA with Digital Sagnal Based on HART Protocol 

Code Process Connectaon HD HG 

Code Process Isola tang Daaphragm- --·-- ------- --- ----·---- ------· ----- - ------ -----HD _____ Ht_ 

Code Sensor Module Isolator Material HD HG 

Code Sensor Module Fill Fluid HD HG 

Code Housing Matenal Conduat Entry Size HD HG 

A Polyurethane-covered Aluminum Y:z-14 NPT 
. ·.'?i ~;.;:;~\~ 't.:??-!.e-~!Yif.reth~nw.Y.&te~~-9ml~ilro'~~-,::: :~:-'~"·~;:~~,-~:; ;~,·:;~.::_ :.\:{~.?~:;~zo~_~ _:,~~;(9M2tl):li5':'· ·,<:;:~~- ·"-'·': /_-::-- ::, ·+ · ... y :;._ ', .. '·,~--. -~ :~ :"'~~ .. :.o:2"•'tz:. 

C PolyurethanEH:Overed Aluminum PG 13.5 
~ ,-:·~ ;:~"Q::~;. ; ~hiP,91¥1-i.~t~ili'l~~~~l}mifjufr1 t~:.,:(;.';,· ::,~ -~ )f\:~.fc·_(;_>:>~' ;:..~ '."~~\·~~~< ::?·' 

J SST Y..--14 NPT 
·'·~~t;t:)~if) :'.~).~~ff~c,:,.~,;:,~:t:'~~~::~;;'0'l\J.~J~A~~~~~':i:O'i?i~t~'~fJ::>t~i;~~;~~:';;:ki\:'f;_~ ~1;:·~,~~~Q1~~;~~~~q)lJ.~it_.);.:~.:.·i-::. ·~:~;:' f }:;:;_-:;:: :(~:: -~·- ;<;,~:-~·.:: ~ •f( =:}'~;;yf~~ :,:·: 

~k~¥l~M~~~-:t\t.i~S~~~6N~i$~~~i!~~~1t~~~~~~~~~~~~~~~~~~~~~~~4f~~:~~:~~~~~~~Qi~~~~~;~i*-~t~f;}~~t~::; 
Code Plan/Web Functaonalaty 

·v. ,.AOh.~ .. ,.Advanced,ControiFunction Bloc~_Suite . ,,, .. · , - . ' .-.·;oo\- '. FOLJNDA noN fleldbus Diagnostics 'suite ',,,__ ... , ... ,, ... ,, ·-J• ·"-~ • -~-

Code Integral Mount Pnmary Elements (Optional) - HD HG 

54 Factory Assembly to Rosemount Primary Element (Rosemount Annubar or Rosemount 1195 Integral Onfice) 
(With the primary element installed, the maximum operating pressure will equal the lesser of either the 
transmitter or the primary element. Option is available for factory assembly to range 1-4 transmitters only) 
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Rosemount 3051 
Product Data Sheet 

00813-0100-4001, Rev GA 
Catalog 2006 - 2007 

TABLE 14. 305_1H Pressure Transmitter for High-Temperature Processes-= Not Applicable • = Applicable 
Code Mounilng Bracket Options . HD HG 

B5 Unaversal Mounting Bracket for 2-in. Pipe or Panel Mount, CS Bolts 
;s!;1:~.B.§&~g}Prn_~~f-1111:M~!!~.~~~f!!~P~t.'tf2tt:?tl!lf.eiJ:l61Qi':P-(!!J~iMci~~tfS.~1J'B91~:~~~-TI;j:-~1fi~tl¥~i~4~i$1~}~i.1~~i,:it;i~·~f'£~~~;~i,"''/!Pi'J-~';_; 

Code Hazardous Locations Certification Options . HD HG 

,~,Lt-~·~'!E,_~1~-{;:;;;;!,fM,:,.~~Is»SiO~;P~Q~~A~P~Q~al,":~ .. ;d . .:.:~~~1:~~.:.( t: .. ~:;".t·~~~ ~;:;; ._~-~,:. J·.'. ""*:. ... ·.~r ... ,-'~ ,-:;~: ... : ""'~::~: :',>;, .... -•. -:-.... !,.,;_._.:~;:.. '-;.~-' -~~· •• c .. -~';.1:.; :-~- ~ .:...-::.:~ --.~-~·~·-·'-"'l> .... !-l"<:;.:::z..~·:~<:;:; :-.,, -:.. • ·•:~ ._-
15 FM Non-incendive and Intrinsic Safety Approval • • 

.~~'";~~~;~z~mx~t~~t~~~!J!'~~g~~~~~~wYa!f~1~f~4l~~~~fyf~t't~:t~i.&~y~~t~·[;:~~-¥:tc~~~,.~~~~~~'f',;;?~"~i,~-~,_!:~~~ 

:~tti~~1~t~1~~~~~~~~tM:~li~~~!!ifi~~~B~~.?~g~rt7&~1~~~:~t~~~;;;Jn~~tt;:~;~~~~~~;~~·~L~~:~~~;;l~~~il~®.~.tY:i~.I.·~~~·~·~~~)~~:~:~~~:~~~;~~~1~r~~~~~~·~~~:-_~. 
ES ATEX Flame-proof and Dust Certification 

~;;:~t~~~~!.;t~~,.~~~~-~&!a·fr~Wf>!A~~~~g~~~~,1~;~~~-~?~~~~~~~;~-~~i~~~~/~~~~~~~·~;~~~:~;,i~~ -:::~:,~~\~;~~~~iii·~:.~~"~:-:<~~~~ ~.:;~.=~~:-:·;··:~.--~~,,.~?!/:;):~,~;:F~\~\r~~-:~·-} 
CS CSA Explosion-proof and Intrinsic Safety Approval 

;-<f;,··.)l<sl~h':;:: ':'cs.~:~u'it;t~WX'~i>losion.:Pf9of:aiie;t:1!11Hiis1~'sa'f~IY.~APPfoviili.(t:oml)ifl~oo'.iit;cs~nc!'t<S);;:~,-~:· ·~ ~>'.~. t :.; ·\., ·:i::"~--. ·:c.'.f;,t:;_','l.,'h"'~-~ :: 
... K:1f ... 'F'"M ari"d csP. EXplosioni>roof'~rid.ini'rinsidatefYAPprovafs (rombinatiori otK5.ani:i c6) ... , '·· ..•.. ' . . . . . ·'.' ....... . 

::t,,::AK'fi)'~ .. ·,~;;;.~M~f.I.!Yf.l~ffi.fif;~)f~J!titf!~si9.~~~{~ty~~R!.~v#!l?~(~~!llh&ti!?;~~f;JYi;N!:~.~~~;EJ1:f:i:~l\'&i';~·:?i~?;:·:r:,~!.i:4:~~r::;::;~'"i;:'~;,--~~:~;W:.:~1~ii;.~';;: 
KB ATEX Flame-proof and Intrinsic Safety Approvals (combination of 11 and EB) • • 

,S:~:., .. ~R.~Jf~':&~''9·~~t~~;':£il)!!~~l;~~'@l~~ro9r~~ii~J!'!]ii~~,§;~~~IY.~Pi\lV8Jj((;qmt>lnatli?~i~fi~5i\9~J~1~~~<ina!Esf:.'t~~,~:;,:,'.:i1·:;::·'-~:B-:,w;~1:~-g 
17 SAA Intrinsic Safety Certification 

:~~~~~~lJ&~:z~~tfi!{~~#J:29t:~~~.~P.~~~~~:f¥.~~iJtf~~~%A~,\~.~-1~~~~lt~~5j-~;_~d~ i~z:{t~~~~··f{:~\f::}~\~~~~~ ... ~.~··7.¥i0 :~~?f~~-)·z:~ :;:~~1.;)~:t~~~~~:~~ftr:YA~~fJj:? 
N7 SAA Type N Certification 

;.~~~"k"J,~@ft:1;~T~~¥iSln~J9~~J~WJ.P.t'_f).~¢g~!§fff(iif~~Wrf'f.l@l9,t)y~~P~t.9,c9!i'Ci~!~~~:;::,~};:t~;~-;~~f:(1~.-\[)~·i(t~~~~~s.;:£:.s~~~iJ.:~~.~f\',"if.;:¥~'i·~;t1.3-:; 
IE FM FISCO Intrinsic Safety; for FOUNDATION fieldbus protocol only 

Code Bolt for Flange and Adapter Opt1ons HD HG 
L4 Austenitic 316 SST Bolts 

Code Meter Options HD HG 
M5 LCD display for" Aluminum Housing (Available with Housing codes A, B, C, and D only) 

cy~~~~~~r~'f.I~J~l;l~{IJ~lll.!!Ysl!ifi'$~f!\fili:iiisirlo\ft1v@J!~b1(i(:wiffl.iflP!!M1.9!liQ(I¢,s:J.;&:J{;;,:af'!t;JiMIQn!rJ~~·¥J.!J:0Z~1\t?~~~~-~7¥-~%j.~~iR;::J~;JJ:t1~~~~\\'it't:~ 
Code Other Options HD HG 

:...~'~..;~~~C?4L1='~:.:~:9ali~!8t19n_,,Oa.~~Shee~J:.?!,~-~\ ... ~};._~;,i.-·:;;. .. :::;.::;;·,!:~"Y'i,~i.t ..... ~;:~ ~~ .. :,!-,-;; ,:_ ·t;<=~-~ ~~: . .-.'· ~:!_;: '1····; ~ :- x.:.t _,, ~.,·,..;;;_,..._;.~ ~~~~··;~£..:-.,,.:;.' -+-v ~-:.·•;-";,':.: .. ,h·.~:~ .. , ·:--~.;-"'-;.•y~~~.;~-~ .. ;:.l~··~·:.~-:-;: 
08 Material traceability certification per EN 10204 3.1.8 

~t:·;~~ftZ~~~~~I!15ta.ti~.ff~ffifi#.P.90~·9~~~~(n~lG.~J~~~:~~~.V~k1~~~1~1~~~~~;J-:~f~~17~~~f~t;r~£1~*~:1.~;~~~5t~t~~~~~~~~~~~~~~:;r:~¥~~'~~-: 
J1 Local Zero Adjustment Only (Local zero and span adjustments are standard unless Option • • 

Code J1 or J3 is specified,) 
·<" "J ·';.::-~Ntl';t»"' mzeri:F -'wcoqaf'e' 
~~~~- -~~i~c?P.P9?!~§Ii~~ . ~;sr.~%~~1 

T1 Transient Protection Terminal Block 

'~-~~z§~®};\t:::;~-~~-J~~~~~~!~~:~~\~~9~~!!~~4=~1";:tr~!:~rr~z~r~~t:~~:,'~c...".:i·~::t.>t~'?::'.~1~r~)·:t·_~,;:~~;~~; .. ~-
,;1'<V%\!~Jt0'~/~Anan~g:eutP.Utillliv81$~ompllanlivlttrifi!AMuR!R~(:Qrrlltil:maa6on·!NEi4S,~·~'·"'· ::;,,,\:;;;,i~"'"'~;~,;~~:.'"\~~~;· ;_,,.,~·;'~'-"::.~ ~-.' ~~;· · .. ~. ,., · ,~:· .. : .-/: -. ·•' ·;-:.: 
"'cNr.ix4,, ·Anaiogo~!Ji~1Le~els'compila~t"wiih,NAMuR,Rerorrimerldauo~·NE43:.Aia;;ne£~fiil~ratio~Low~ ,, -.. · · · "~ --· ·· ·~·· · 

~-~~.;;:; 7~~~;~~.>gr:~~~~tf~~~~t:~~~te~it\;1~~~-'i:J~1~~}&111~1:--~;.;!~;.;:;;"~"~(,:-\,·~t:~-''\~:':::''F~f'::..,t?~>·''.::::.:s ·", .:~r :. ~.;:~:-> -'/' ,_ ... : ··.:.~ ~':r ·< .. ~ .... ~~.;:: 
t~;_:,:..:._:,e~.;~n .;Cif1aningW,r~~~Rfv'F~tiJo~!l~u"Q~rin~i·~,:~;;r::·-;.;:l:-\:''-'· !,' ·::_:i. ·'·.:·: ... ~ .... ~-\')?.: ,.·)i.~·~--~:;.:,;:·,:<" ;': ·.:'~·: · ._:, .. · .-,,: '' '?:~·.:o::-~ ~ · .V'•'-:' .: 

DF 1/~14 NPT flange adapters-SST 
; .~:~·~~~.981-i>~~:~~ ~~~~~~'"i~~~~~!~Q~lWY~,~~£;}t~~:;3r.~~~:~t-~~~:~~:~~~: .. ~~0?~~r-; v .. ·-~~~:--~; ;~?: ~; :-\~ ~-.-~: ~ -~'~. l t _ ~; - :: •• ~~~ ~-=-~ -~~~:~::_::.+_. ~· -~.~~t,~ :.r: ~--\ .=: f~r ri='{ :"~~:\ Itf:~-.. -i:·· ~· \,~~~;.;~~: 

V5 External Ground Screw Assembly 
Typical Model Number: 3051HG 2 A 2 2 A H 2 1 A B5 

(1) Materials of Construction comply with TBCOmmendations par NACE MR0175/ISO 15156 for sour oil fiald production environmsnts. Environments/limits apply 
to cerlllin materials. Consult lalflst standarrl for details. Selected materials also confonn to NACE MR0103 for sour reftning environments. 

(2) Not available with low-power Option Code M. 

(3) Not available with fialdbus (output code F) or profibus protocols (output code W). 

( 4) NAMUR-Compliant operation is pre-set at the factory and cannot be changed to slandEUr/ operation in the field. 

(5) Tha V5 option is not needed with the T1 option; eJCtema/ ground screw assembly is included with the T1 option . 
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OPTIONS 

Standard Configuration 
Unless otherwise specified, transmitter is shipped 
as follows: 

ENGINEERING UNITS 
DifferentiaVGage: inH20 (Range 0, 1, 2, and 3) psi 

(Range 4 and 5) 
Absolute/3051T: psi (all ranges) 
·4 mA"'"tll·ac)~,.~ ,,,,, .··'.·"· ''"'flr~--1··~ ·,y_,.~"···1•";""'"'"":EI"" ,~,"'~' ~'5' )-.i~:.~:Thlr:~l '"'' ~~~ }f;·'f.~ ~~:,.~~-:~~~~&t-\!09 .. J!~~Oi;9P ~:.~~l~~\~}'"~~;~ 
20 mA (5 V de): Upper range limit 

[9P.~~~3~~~~-:~~~~~~~~;}~~~:~~~~~~tl~1f~fr~~~:f~~~t%~~~r~~it;, 
Flange type: Specified model code option 

fi'ff~!~~~.!iJ{;~~t1~~~2l~~m9~.~~~~M~~~§~~~i1~ 
O.rJng material: Specified model code option 
'nOiJn/Y81Jti.'"''"'" ,_., ,.:•..:.·~"''"O::n'i.li\ili..,..,~ntt<'f=.:~·"'·" ti"'' <=·<~;··~,.,.--"'-''..,. 
~~~ ~~~{;:·~ L ·~t:;tt~~5~-·:t~!-;"~!?}1~~~~~~4tn!~~,~"'~R. ~~~~~~t~:~ 
Integral meter: Installed or none 

~~~tm1:J!1~~£~R::;~~\~~1; >:}~~AA~·~!;}\~~~~~~~1~\f:~i~;M'T~~~: 
Software tag: (Blank) 

(1} Not appiicsb/e to ftaldbus. 

Custom Configuration HART protocol onlyl1) 

If Option Code C1 is ordered, the customer may specify the 
following data in addition to the standard configuration parameters. 

• Output Information 
• Transmitter Information 
• LCD display Conf~guration 
• Hardware Selectable Information 
• Signal Selection 

Refer to the "HART Protocol C1 Option Configuration Data Sheet" 
on page 39. 

Tagging (3 options available) 
• Standard SST hardware tag is wired to the transmitter. Tag 

character height is 0.125 in. (3,18 mm), 56 characters 
maximum. 

• Tag may be permanently stamped on transmitter nameplate 
upon request. 56 characters maximum. 

• Tag may be stored in transmitter memory (30 characters 
maximum). Software tag is left blank unless specified. 

Commissioning tag (fleldbus only) 
A tamporary commissioning tag is attached to all transmitters. The 
tag Indicates the device ID and allows an area for writing the 
location. 

Optional Rosemount 305 or 306 Integral Manifolds 
Factory assembled to 3051C and 3051T transmitters. Refer to the 
following Product Data Sheet (document number 
00813-0100-4733) for additional information. 
Optional Three-Valve Manifolds (Packaged Separately) 

• PartNo.1151-0150-0001: 3-Valve Manifold, Carbon Steel 
• Part No. 1151-0150-0002: 3-Valve Manirold, 316 SST 

(1) NO/ applicable to fieldbus. 

Rosemount 3051 

Optional Diaphragm and Sanitary Seals 
Refer to Product Data Sheet 00813-0100-4016 or 
00813-0201-4016. for additional information. 

Output lnformation11) 

Output range points must be the same unit of measure. Available 
units of measure include: 

inH20 inH20@4 •cl1> psi Pa 

~~:W~\~~~ltf~it;~~~1t~~~~~1t~;~11~~~·:?:t~~~t.;~~\1~~i~~~~~t~~~' 
mmH20 mmH20@4 •cl1l mbar torr 

~~ttmm.~~~1~~l~~~~;w~1t\~9m,~~~~~~~;,\~;:~-~~1~~~Q1~~~:t~:J~~}~~~\~'.: 
(1} Not 111111Uable on'tow po-r or previous IIIII'Sions. 

LCD display 
M5 Digital Meter, 5-Digit, 2-Line LCD 

• Direct reading of digital data for 
higher accuracy 

• Displays user-defined flow, level, volume, or pressure units 
• Displays diagnostic messages for local troubleshooting 
• 90-degree rotation capabHity for easy viewing 

M6 Digital Metsrwilh 316 Stainless Steel Cover 
• For use with stainless steel housing option (housing codes J, 

K,and L) 

Local Span and Zero Adjustmentf2) 

Transmitters ship with local span and zero adjustments standard 
unless otherwise specified. 

• Non-interactive external zero and span adjustments ease 
calibration 

• Magnetic switches replace standard potentiometer 
adjustments to optimize performanca 

J1 Local Zero Adjustment Only(1) 

J3 No Local Zero or Span Adjustrnent11> 

Transient Protection 
T1 Integral Transient Protection Terminal Block 

• Integral transient protection terminal block 
• Meets IEEE Standard 587, Category B 

1 kV crest (10 x 1 000 microseconds) 
3 kV crest (8 x 20 microseconds) 
6 kV crest (1.2 x 50 microseconds) 

• Meets IEEE Standard 472, 
Surge Withstand Capability 
SWC 2,5 kV crest, 1 MHz wave form 

• Applicable standards: IEC 801-4, 801-5 

Bolts for Flanges and Adapters 
• Options permit bolts for flanges and adapters to be obtained in 

various materials 
• Standard material is plaled carbon steel per ASTM A449, Type 1 

L4 AusleniUc 316 Stainless Steel Bolts 
L5 ASTM A 193, Grade B7M Bolts 
L6 Monel Bolts 

(2) Not applicable to fieldbus. 
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Rosemount 3051 

Rosemount 3051 C Coplanar Flange and 3051T Bracket 
Option 
B4 Bracket for 2-ln. Pipe or Panel Mounting 

• For use with the standard Coplanar 
flange configuration 

• Bracket for mounting of transmitter on 2-ln. pipe or panel 

• Stainless steel construction with stainless steel bolls 

Rosemount 3051 H Bracket Options 
B5 Bracket for 2-in. Pipe or Panel Mounting 

• For use with the 3051 H Pressure Transmitter for high process 
temperatures 

• Carbon steel construction with carbon 
steel bolls 

B6 B5 Bracket with SST Bolts 
• Same bracket as the B5 option with Series 300 stainless steel 

bolts. 

Traditional Flange Bracket Options 
B 1 Bracket for 2-in. Pipe Mounting 

• For use with the traditional flange option 
• Bracket for mounting on 2-in. pipe 

• Carbon steel construction with carbon 
steel bolts 

• Coated with polyurethane paint 

B2 Bracket for Panel Mounting 

• For use with the traditional flange option 

• Bracket for mounting transmitter on wall 
or panel 

• Carbon steel construction with carbon 
steel bolts 

• Coated with polyurethane paint 

B3 Flat Bracket for 2-ln. Pipe Mounting 

• For use with the traditional flange option 
• Bracket for vertical mounting of transmitter on 2-in. pipe 

• Carbon steel construction with carbon 
steel bolts 

• Coated with polyurethane paint 

B7 B1 Bracket with SST Bolts 

• Same bracket as the B1 option with Series 300 stainless steel 
bolts 

B8 B2 Bracket with SST Bolts 

• Same bracket as the B2 option with Series 300 stainless steel 
bolts 

B9 B3 Bracket with SST Bolts 

• Same bracket as the B3 option with Series 300 stainless steel 
bolts 

BA Stainless Steel B 1 Bracket with SST Bolts 

• B1 bracket in stainless steel with Series 300 stainless steel 
bolts 

BC Stainless Steel B3 Bracket with SST Bolts 

• B3 bracket in stainless steel with Series 300 stainless steel 
bolts 
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Shipping Weights 

TABLE 15. Transmitter Weights without Options 
Transmitter Add Weight In lb (kg) 

3051C 6.0 (2,7) 

t~9~~~~~t~~~i~~~:~~~::~~;~~~9)~f1~~ri~~~~~~~i~~~~:j;~~;fh\~§Ji~;~ 
3051H 13.6 (6,2) 

f:~.P~1!Q?~t~~0:~~~~j::.:;~}~~--~:~;~;9::<1~>~~~?~!~.z~~~~~?t£i1~~~r~:~-~t~~.;~~t7.~ 

TABLE 16. 3051L Weights without Options 
Flush 2-in. Ext. 4-in. Ext. 6-in. Ext. 

Flange lb. (kg) lb (kg) lb (kg) lb (kg) 

2-in., 150 12.5 (5, 7) 

'~~~Hr(t-~~~9i~i?~~~~(t~1~:11f~:~Mra)~fi$?9:S.~~W>:S,r~~21~~lt.s;.!)} 
4-in., 150 23.5 (10,7) 26.5 (12,0) 28.5 (12,9) 30.5 (13,8) 

~i~~if.i~~~9I~~~~1{tt.~~W~~~;f.~ft~·M~~~~~~-~~~~t~Z¥~~5~~1i~~~~t~~~~ 
3-in., 300 22.5 (10,2) 24.5 (11 ,1) 25.5 (11,6) 26.5 (12,0) 

~~~~t~tip'~·\~~~.,2~~1~i?'>~~~;~xi~i.iB;~t:~11~;9)~.3~:~~~;J.;t)~ 
2-in., 600 15.3 (6,9) 

~~f.~~~~oQ~,~~Q2!~1~~4>\1'2:'f2X12;-3)tt~i$:2'(;~%1i>;129:211~f2); "i:>N 5oiPN4o- 13.8 <6;2). - - .. - -- - . -- , __ .. ----·- ., -
'DN,801P"•• ""'O''>:'e<i a<'sfts'S)"-'~~2-1' ·"' il9-. '7)''""-~22---.5-•7 ··o''2-)' ;;.:;.,;;'5' C/'10''6')' 

:~ .......... ::.~""t~-·-~~·.' 1 -'i!'. ';\, ,.:;::· •. !'icJ!\ i _( .. ~.;-~~ :-~'~~~!.-~:~~;.,~- ·'· .}1 

ON 100/ 17.8 (8,1) 19.8 (9,0) 20.8 (9,5) 21.8 (9,9) 
PN 10/16 

~~Y~I)N£1Qt5(#-.2:'2~:~,~'1Qi5),\·:,;2'$;2J1~1S)r:-~2~.1:{:f1;~>;;.Y27:2i(.~2i-3)~: 
',:0t~~N~~~~~~-~~~~f~~2-Ft:~t~~1~;~~~~~~~~TI~-~~~~~~~;-~~~~:~~~l~*:-~~:GE 

TABLE 17. Transmitter Options Weights 
Add 

Code Option - lb (kg) 

J, K, L, M Stainless Steel Housing(T) 3.9 (1 ,8) 
f~\:i~1\~t;11~-siilnJessi'Sf881:Aous1nri''id#•",\i'!~"P>';:;-;_::t:~;;<;>;":3'f:F·(:1-;-...i~' . •,-!!f!.'h',~.~- ').:'~., , . .., ·~ r.-;•:t" '•1-~ :~.-·.;;: \."' ~,1:!':.~';:',1~~). :t!; -~-$~~'}:·~":.,':;.~.;:,':t;io \1,\~r '-•J. .. !J-3 

M5 LCD display for Aluminum Housing 0.5 (0,2) 
~-;.:-e{•'ii'i<~<:~';!~\c;.:CO(QJ$'O:..l:luJJoY:SS1l;ll.i'o'Us11n"·gut:f,~'J-'i:';.~'~\s~:"""1~,._,(~'~ia)-; 
=t<~.._::,~~~"f-~1"<\t!~l'"'·; -~ ,-:;:., , .1':'~~~~-,_.:; !' , _{1~'!"" .-· , ,_ ~:-;%:'{' {;'~;~:~,;':'(:,...,;qf-~·;.:-"?.',y"~:~.'i~~ ~ 

B4 SST Mounting Bracket for Coplanar Flange 1.0 (0,5) 
•;B'.i·'B~)B's·G.:tJJo:"~f''' ~"'~-.l!~:~p.~.:-,,.-. '"I'.- ·"~-I""""'''' ~"'c"-''· .,,.,l>·"'t•··ol" :.._ ,:~ .~"- -'·R-. ,_,.l;l!.'-'fl~8tl:!m" ··~.1:l!~9 u!;l!)~ ~~!l_l'lg~,~;;;,~f:''!'•."L~{i"'/~; 
B7 B8 B9 Mounting Bracket for Traditional Flange 2.3 (1 ,0) 

·.~\f!A;'r~e.J.;,fs$,t,J~~~~'f9111.~C!ftl~!18.!1:l~n9&;':-y~riAY:~::~2~~~~M>: 
B5B6 MountingBracketfor3051H 2.9(1,3) 

d:-;:~Jf!;z~~:"~::;.rra~ltiiffistf.JM9~ri',\~;~::t;;r{:,;S-.~;i· ·~ ·,:,,_,,.~~:::.··.r~~~~{~~#}~ 
H3 Traditional Flange 2.7 (1,2) 

:~· ::;fl~~'~:·-:::·tfidlti?f!&!1:Jang~~;:\;\'!.~~~:-. -;: ._;,:'.>0>)\'. -,·:~~~~2: .. tt~~ij;2)) 
H7 Traditional Flange 2.5 (1, 1) 

· _::,;i~c\~'~:;,·i:.¥1.-:FJa·h~~Jn},J$!}";:~·::; :(: ': ·:~ "? ;<; ;~: i£1 C!::s.J~1~}?, 
FD Level Flange-3 in., 300 14.3 (6,5) 

:-.:;~~f,,;f{T·" ~te~l:,Fil:iri9~2-,i11if~~o~~-;.~:~~ ·,;: '·::: ··;:~~!:\;)1ot:~1~·i'SJ~ 
FB Level Flange-2 in., 300 14.0 (6,3) 

;:)tF.Pt" .:FQIIII;t:evel;Fiang~~'SS:J:,-,biit'so·,-,r_N,40: '(5{::.' .',"8~~~{S;'tl):, 
FQ DIN Level Flange, SST, ON 80, PN 40 13.7 (6,2) 



Product Data Sheet 
00813-0100-4001, Rev GA 
Catalog 2006 - 2007 Rosemount 3051 

HART Protocol C1 Option Configuration Data Sheet 

* = Default Value<1 l 

Customer:----------------- P.O. No.: -----------------

Model No.: _________________ Une Item: ________________ _ 

SSTTagNo.:------------------------------'--------

Software Tag: l_l_l_l_l_l_l_l_l 

4 rnA (1, 0.8 Volts)=------- 0 * 

20 rnA (5, 3.2 Volts) = Upper Range Limit * 

Pressure Units = 0 inH2o<2> 

0 lnHg 

0 mbar 

0Atm 

0 psi(3)* 

0 bar 

0 Torr 

0 kg/cm2 

0Pa 

0kPa 

OmmH20 

OmmHg 

0fiH20 

0 g/cm2 

0 inH20 at 4 •c<5> 

0 mmHp at 4 •c (S) 

Output = 0 Linear * 0 Square Root (For DP transmitters only) 

Damping<4>= 0 0.00 sec. 

Oo.80sec. 

Oo.ossec. 

0 1.60sec. 

0 0.10 sec. 

0 3.20sec. 

0 0.20sec. 

012.8 sec. 

Descriptor{4 >: l_l_l_l_LLI -L-L- l_l_LI_l_l_l_l(16 characters) 

0 0.40sec.* 

0 25.6~ec. 

Message<4 >: l_l_LU_l_l_l_._..__.__,l_j__,'-.___ 
(32 characters) 

LLLLLLLI_l_LLI_l_l_l__l_l 

Date<4~ 0 []/[] 0 0/0 0 
Day Month Year 

Local Span and Zero: Oenabled * 0 Disabled 

(1) Defaun values may btl different outside the U.S. A. Consun an Emerson Process Management Representative for details. 

(2) inH20 for CDICG renges 1-3 

(3) psi for CDICG range 4 and 5, aU CA ranges 

(4) C1 option required for configuration of this parameter. 

(5) Not available with low power output. 
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Operating Instructions 
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Short Operating Instructions 

Short Operating Instructions 

Software 
version 

1.0 

1.1/1.2 

2 

On-site operation 

!t\~;;~==~i\.wlth digital display 

Operation: Commissioning: 
- Function of the display - Chap. 4.1 

Chap.3.2 
- Posit1on and function 

of the operating elements 
on the electronic insert 
Chap.3.3 

Software History 

Valid Operating Device and 
Instructions (BA) software no. 

04.99 8010 

04.02 8011/8012 

Operation: 
- via Commuwin II 

Chap.3.4 
- via Universal HART 

Communicator 
DXR275 
Chap.3.5 

Software changes 

-
On site comm1ss1oning: 
Delayed adopting of Zero, 
Span and bias pressure 

Reset to factory setting on 
site. 
Option of resetting using 
keys 

Cerabar M HART 

Remote operation 
via HART protocol 

CommiSSioning: 
- Chap.4.2 

BAchanges 

-
Chapter 4.1 

Chapter 4.1 

Endress+ Hauser 
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Cerabar M HART 

Notes on Safety 

The Cerabar M is a pressure transmitter that is used for gauge pressure or absolute 
pressure measurement, depending on the version. 

The Cerabar M has been designed to operate safely in accordance with current 
technical, safety and EU standards. If installed incorrectly or used for applications for 
which it is not intended, however, it is possible that application-related dangers may 
arise, e g. product overspill due to incorrect installation or calibration. For this reason, 
the device must be installed, connected, commissioned, operated and maintained by 
personnel that are authorised and suitably qualified. This Operating Instructions must 
have been read and understood, and the instructions followed. Modifications and 
repairs to the device are permissible only when they are expressly approved in the 
Operating Instructions. 

Please pay particular attention to the technical data on the nameplate. The MWP 
(maximum working pressure) is specified on the nameplate. The value refers to a 
reference temperature of 20"C (68°F) or 100°F for ANSI flanges. 
• Test pressure (over pressure limit OPL) = MWP (nameplate) x 1.5 
• The pressure values permitted at h1gher temperatures can be found in the following 

standards: EN 1092-1: 2001 Tab. 18; ASME B 16.5a- 1998 Tab. 2-2.2 F316; 
ASME B 16.5a-1998 Tab. 2.3.8 N10276; JIS 82201 

If the device is to be installed in a hazardous area, then national and local regulations 
must be observed. The device can be supplied w1th the following certificates as listed 
in the table below. The certificates are identified by the first letter of the order code on 
the nameplate (see table below). 

• Ensure that all personnel are suitably qualified. 
• Observe the specifications 1n the certificate as well as national and local regulations. 
• The requirements regarding measurement and safety equipment at the measuring 

points must be met. 

liJ] ENDRESS+HAUSER 
- CERABAR M PMC/PMP 

Order No. PMC xx-_1: 1 1 1 1 1 

Order/ 
I I 

Code Certificate Type of protection 

R Standard None 

G DMT ATEX 111/2 G EEx ia IIC T4/T6 

K DMT PMC 41, PMP 41/45/46/46: 
ATEX II 1/2D EEx ia IIC T4/T6 

L DMT PMC 41. PMP 41/45/46/48: 
ATEX 111/3D (none -Ex power supply) 

H DMT ATEX 112 G EEx ia IIC T4/T6 

N ATEX ATEX II 3 G EEx nA II T5 (Zone 2) 

c CSA General Purpose 

s CSA IS (suitable for DIY. 2) Class I, II. Ill, DIY. 1, Groups E .. G 
PMC 45: Groups A. .D. G + Coal Dust 

T CSA PMC 41 , PMP 41/45/46/48 
Class I, DIY 2, Groups A . .D, Class II, Ill, DiY.1, Groups E .. G 

p FM IS Class I, II, Ill, DiY 1, Groups A .. G 

M FM PMC 41, PMP41/45/46/48. 
DIP, Class II, Ill, DiY. 1, Groups E ... G 

v TIIS TIIS Ex 1a IIC T6 

Endress+ Hauser 
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Cerabar M HART Safety Conventions and Symbols 

Safety Conventions and Symbols 

In order to highlight safety-relevant or alternative operating procedures in the manual, 
the following conventions have been used, each indicated by a corresponding i_con in 
the margin. 

Symbol Meaning 

~ 
Note I 
Notes draw attention to activ1t1es or procedures that can have a direct Influence on 

Hlnwelsl operation or tngger an unforeseen dev1ce reaction if they are not camed out properly. 

~ Caution! 
Caut1ons draw attention to actiVIties or procedures that can lead to persons being injured or 

Achtungl to incorrect dev1ce operation 1f they are not camed out properly_ 

& Warning! 
Warnings draw attention to activ1t1es or procedures that can lead to persons being senously 

Warnung! 
InJured, to safety nsks or to the destruction of the device if they are not earned out properly. 

<G Explosion protected, type examined operating equipment 
If this icon 1s on the dev1ce's nameplate, the device can be used in hazardous areas 

M 
Hazardous area 
This symbol 1dent1f1es the hazardous area 1n the diagrams in these Operating Instructions . 
- Devices that are used 1n hazardous areas or cables for such devices must have the 

corresponding type of protection 

& 
Safe area (non-hazardous areas) 
This symbol identifies the non-hazardous area in the diagrams 1n these Operating 
Instructions. 
- Devices in non-hazardous areas must also be certified if 

connect1on cables run through a hazardous area. 

Direct current --- A term1nal at which direct current voltage is present or through which direct current flows. 

Alternating current 
~ A terminal at which (s1nuso1dal) alternating voltage IS present or through which alternating 

current flows 

I Ground connection 
A grounded terminal that, from the user's VIewpoint, is already grounded v1a a grounding -- system. -

® Protective earth connection 
A termmal that has to be grounded before other connections can be made. 

v Equipotential connection 
A connection that has to be connected to the machine's grounding system- This can be, for 
example, a potential matching line or a star-shaped grounding system, depending on 
national or company practice . 

Endress+Hauser 

Safety conventions 

Explosion protection 

Electrical symbols 
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1 Introduction 

Application 

Operating principle 

Figure 1.1 
Structure of the measunng cell 

Measuring system 

Figure 1.2 
Measuring system 
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Cerabar M HART 

1 Introduction 

The Cerabar M pressure transmitters measure the pressure of gases, vapours, liquids 
and dusts and are used in all areas of chemical and process engineering. 

Ceramic measuring cell 
The system pressure acts directly on the rugged ceramic diaphragm of the pressure 
sensor deflecting it by a maximum of 0.025 mm (0.0098 in). A pressure-proportional 
change in the capacitance is measured at the electrodes of the ceramic substrate 
and diaphragm. The measuring range is determined by the thickness of the ceramic 
diaphragm. 

Metal measuring cell 
The process pressure deflects the separating diaphragm with a fill fluid transmitting 
the pressure to a resistance bridge. The bridge output voltage, which is proportional 
to pressure, is then measured and processed. 

Ceramic measuring cell Cerabar M 
PMC 41, PMC 45 

Ceramic substrate 

Electrode 

The complete measuring system consists of: 

Metal measuring cell Cerabar M 
PMP 41, PMP 45, PMP 46, PMP 48 

--1-- Resistance 
bridge 

BA201Y02 

• A Cerabar M pressure transmitter with current output 4 ... 20 mA with superposed 
digital signal (HART protocol) and 

• 11.5 .. .45 VDC power supply, in Ex ia area 11.5 ... 30 VDC. 

The measuring system can be operated by: 
• A digital display for operation and measured value interrogation on site, 
• The Universal HART Communicator DXR 275 Handheld Terminal, 
• An operating program, e.g. Commuwin II from Endress+Hauser. 

Process 

Supply voltage: 
11.5 ... 45 Voc 
For Ex ia area: 
11.5 ... 30Voc 

Bl\201'1'03 
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Cerabar M HART 

2 Installation 

This chapter describes: 
• The mechanical installation of Cerabar M with and without a diaphragm seal 
• The electrical connection. 

2.1 Installation instructions for PMC 41, PMC 45, PMP 41 and 
PMP45 

The Cerabar M Without a d1aphragm seal is mounted in the same way as for 
manometers (DIN EN 839-2). The use of shut-off valves and pigtails is recommended. 
The orientation depends upon the application. 

• Measurement in gases: 
Mount on the shut-off valve above the tapping point. 

BA201Y04 

• Measurement in vapour: 
Mount with pigtail below the tapping point. 

Figure2.1 
Mounting on shut-off valve for 
measunng 1n gases 

The pigtail reduces the temperature in front of the diaphragm to almost ambient 
temperature. Before start-up, the pigtail must be filled with a fill fluid (e.g. water). 

BA201Y05 

Endress+ Hauser 

2 Installation 

PMC 41, PMC 45, 
PMP 41, PMP 45 
without diaphragm seal 

F1gure2.2 
Left: 
Mounting w1th U-shaped pigtail 
for measuring in vapour 
Right: 
Mounting w1th circular pigtail for 
measuring in vapour 

7 



2 Installation 

Figure2.3 
Mounting on shut-off valve for 
measunng in liquids 

PMP46 
PMP48 
with diaphragm seal 

Figure2.4 
Diaphragm seal versions 
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Cerabar M HART 

• Measurement in liquids: 
Mount on the shut-off valve below the tapping point or at the same height. 

BA201Y07 

2.2 Installation instructions for PMP 46 and PMP 48 

The Cerabar M with diaphragm seal is screwed in, flanged or clamped, depending on 
the type of diaphragm seal. 

PMP 46 w1th coupling nut PMP 48 with flange PMP 46 with clamp 

• The protective cap of the diaphragm seal should only be removed just before 
installation in order to protect the diaphragm. 

BA201Y10 

• The diaphragm of the diaphragm seal must not be dented or cleaned with pointed or 
hard objects. 

• The diaphragm seal and the pressure sensor together form a closed, oil-filled 
calibrated system. The following rules should be observed: 
-The filhng hole is sealed and is not to be opened. 

• 

• 

-The device should only be turned by the diaphragm seal at the point provided and 
not by the housing. • 

Endress+ Hauser 
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Cerabar M HART 

BA201Y11 

F1gure2.s 
Mounting with temperature spacer 

The use of temperature spacers is 
recommended for constant extreme 
medium temperatures of more than 150 "C 
that can cause the maximum permissible 
ambient temperature of +85°C ( + 185°F) to 
be exceeded. 
• Note when installing that the temperature 

spacer increases the maximum height 
by 100 mm (3 94 in). 

• Due to the water column in the 
temperature spacer, the increased 
he1ght also causes a zero point shift of 
approx. 10 mbar (0.15 psi). For position 
calibration (only display) or zero offset, 
please see chapter 4.1 

To protect from extremely high temperatures (up to 350 "C medium temperature), 
moisture or vibration, or where the mounting location is not easily accessible, the 
housing of the Cerabar M can be mounted with a capillary tube to one side of the 
measuring point. 
A bracket for mounting on a wall or pipe is available for this. 
• Material. AISI 304 

Order No .. 52001402 

Horizontal 
pipe 

184 5 

Measuring pomt: 
-very moist 

hot 
- strongly vibrating 
- difficult to access 

Mounting point 
away from the 
measunng point 

2 Installation 

PMP 46, PMP 48 
Mounting with 
temperature spacers 

PMP 46, PMP 48 
Mounting with 
capillary tubing 

Figure2.6 
Left: 
Mount1ng with bracket 
Right 
Mounting with capillary tub1ng 
and bracket away from the 
measuring point. 
Values in brackets apply to 

BA201Y13 .__ ____________ _;;_BA20..;;;.;;..1_Y1 ........ 2 dev1ces with a raised cover. 

Endress+ Hauser 9 



2 Installation 

F1gure2.7 
CerabarM 
with stainless steel housmg. 
Values in brackets apply to 
devices with a raised cover. 
All drmensions are in mm. 

Figure2.8 
Cerabar M with 
aluminium housing. 
Values in brackets apply to 
devices with a raised cover. 
All drmensions are in mm. 
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Cerabar M HART 

2.3 Housing versions • • Stainless steel housing 
Type F 15, material1.4404 (AISI 316L). surface roughness Ra < 0.8 !J11l. 

• Aluminium housing 
Type F 18, material die-cast aluminium with powder coating on polyester base. 

BA201Y61 

• 
117 74 

BA201Y62 

• 
Endress+Hauser 
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• 2.4 Mounting accessories 

179.2 

• 184.5 

~~ 
0) 

::...~ ::::. 
a> ~ 

a> 
a> a> 

10 
N 

• 
Endress+Hauser 

BA201Y14 

167.5 

BA201Y53 

2 Installation 

PMC41 
Wall and 
pipe mounting with 
mounting bracket 

Figure2.9 
Mounting with bracket 
Left: on a pipe 
Right: on a wall 

Values in brackets apply to 
dev1ces w1th a raised cover. 
Values in italics apply to devices 
with an aluminium housing. 
All dimensions are 1n mm. 

PMP41 
Wall and 
pipe mounting with 
mounting bracket 

Flgure2.10 
Mounting With bracket 
Left: on a pipe 
Right: on a wall 

Values in brackets apply to 
devices with a raised cover. 
Values in Italics apply to devices 
with an aluminium housing. 
All dimensions are 1n mm . 

11 



2 Installation 

Cable connection 

Ftgure 2.11 
Left: 
Removing cover and 
retaimng ring with digital display. 
To release the retaining ring from 
the electronic 1nsert, push latch 
w1th arrow upwards. 
Right: Connection diagram 

Note! 

12 

Cerabar M HART 

2.5 Electrical connection 

We recommend that you use twisted, screened two-core cables as connecting wires. 
Max. wire cross-section area: 2.5 mm2 fixed conductor 
The supply voltage is: 
• 11.5 .. .45 Voc 
• Ex ia area: 11.5 ... 30 Voc 
Protective circuits against reverse polarity, HF influences and overvoltage peaks are 
installed (see also Technical Information Tl 241F "EMC Test Pnnciples"). 
A test signal can be taken via the appropriate terminal lugs without interrupting 
measurement. 

• Unscrew the cover. 
• If present, remove the retaining ring with digital display. To do so: 

Push up the latch with the arrow until the grip of the retaining ring is audibly 
released. 

-Release the retaining ring carefully to prevent the display cables from breaking. 
The plug of the display can remain plugged in. 

• Insert the cable through the cable entry. 
• Connect cable cores in accordance with connection diagram. 
• Where appropriate, re-mount the retaining ring with digital display. 

The grip of the retaining ring clips in with an audible click. 
• Screw down the cover. 
Observe national regulations for applications in hazardous areas. 

Digital display 
optional 

BA201Y15 BA201Y19 

Rl£1 

1 2 3 
+-.0. 

Test4 ... 20mA 

1522 ------------------ .. ---------
Note! 
Terminal 3 on the electronic insert is 
for grounding and is already wired 
internally. If the connection cable has 
a screening cable or earth lead within 
it, then this may only be connected to 
the internal grounding terminal of the 
housing and not to terminal 3. The 
terminals are designed to take one 
wire each. 

1000 
840 .............. .. 

500 

BA201Y47 

Figure 2.12 
Load d1agram 

30 45 UN 

CJ Standard 

IS'SJ EEx ra IIC T6 

Endress+ Hauser 
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Cerabar M HART 

Use M12 plugs in degree of protection IP 68 for hygienic applications or for moist 
operating locations. Endress+Hauser offers a plug socket for self-made connections 
(Order No. 52006263). 

View of pins, plug at dev1ce 

Not 
connected 

(black) 

Screen 
(red) 

+ -Screen 

BA201V20 

Vers1ons: 
• PM 0 40- 0 L 1 00 0 H 0 00 0 
• PM 0 40- 0 L1 00 0 J 0 00 0 
• PM 0 40- 0 l2 00 0 H 0 00 0 
• PM 0 40- 0 l2 00 0 J 0 00 0 

Use Harting plugs for power plants or similar applications. 

Harting plug 

+-

Note! 

+ 
(blue) PE connection 

(green-yellow) 

(brown) 

BA201V22 

Vers1ons. 
• PM040-0 H1 000 HOOOD 
• PM 0 40- 0 H1 00 0 J 0 00 0 
• PM 0 40- 0 H2 00 0 H 0 00 0 
• PM 0 40- 0 H2 00 0 J 0 00 0 

The cover of the stainless steel housing is slightly greased at the factory to make sure 
that it is easily screwed on and off. Endress+Hauser recommends you regrease the 
sealing surfaces occasionally. When doing so, however, make sure that the grease 
does not penetrate the sealing groove of the housing. 

Endress+ Hauser 

2 Installation 

M12 plug 

Harting plug 

Note! 

13 



2 Installation 

DXR 275 Handheld 
terminal connection 

F1gure2.13 
The handheld terminal can be 
connected anywhere along the 
4 ... 20 rnA cable. 
Use intrinsically sate voltage 
source 1n Ex 1a area 
(e.g. RN 221N). 

Commubox FXA 191 
connection for operation 
via Commuwin II 

Figure2.14 
The Commubox can be 
connected anywhere along the 
4 ... 20 rnA cable. 

14 

Cerabar M HART 

• Do not change the DXR 275 handheld terminal's battery in hazardous 
areas. 

• The following applies to a Cerabar M with FM or CSA certificate: Electrical 
connection in accordance with "Control drawing" (enclosed in the Cerabar M's 
packaging). 

• To transfer the communication signal without errors, there must be a communication 
resistance of at least 250 0 between the connection points and the power supply. 

s-t_any 
~ connectiOn devices 

BA201Y48 

The Commubox FXA 191 connects the Cerabar M with HART protocol to the RS 232 
C serial interface of a Personal Computer. This makes it possible to operate the 
Cerabar M remotely using the Endress+ Hauser operating matrix. 
The Commubox FXA 191 is suitable for use in intrinsically safe signal circuits. 

Personal computer 
with Commuwin II 

BA201Y49 
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3 Operation 

This chapter describes: 
• Mounting the digital display (optional) 
• Function of the digital display (optional) 
• Position and function of the operating elements on the electronic insert 
• Operating via Commuwin II 
• Operating via Universal HART Communicator DXR 275 

3.1 Access to the operating elements 

The digital display is delivered already mounted when it is ordered with the device. In 
this case the digital display must be released from the electronic insert with the 
retaining ring before operating. 
If you want to order a digital display (order no. 52002644) at a later date, then please 
observe the instructions in Chapter 6 6 "Mounting the digital display". 

Releasing the display: 
• Push up the latch with the arrow until the grip of the retaining ring on the electronic 

insert is audibly released. 
• Release the retaining ring and lift off carefully to prevent the display cables from 

breaking. 
• For reading the d1splay value during operation, attach the digital display to the edge 

of the housing or let it hang down loosely by its cable next to the housing . 

BA201Y15 BA201Y24 
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Contents 

Lifting digital display 
(optional) 

Figure3.1 
Left: 
To release the retamtng nng push 
latch with arrow upwards. 
Right: 
Uft off retaining ring with display 
for operabon . 
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3 Operation 

Figure3.2 
Funcllon of the display 

Display in measurement mode 
(j) 4-digit display of 

measured values and 1nput 
parameters 

® Bar graph of measured value 
® Lower range value 
@ Upper range value 
@ Nominal measuring range 

Additional display in 
calibration mode 
<ID Displays the calibration point 

(Z=Zero or S=Span) 
(J) Set measuring range 

w1thin the measurement limits 

Position of the operating 
elements 

Figure3.3 
Position of the operating 
elements 

Function of the 
operating elements 
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3.2 Function of the display 

The digital display (optional) has two display modes: 
• Display in measurement mode: This is shown as standard 
• Display in calibration mode: Thrs is shown after pressing the Zero or Span key once. 

It returns automatically to measurement mode display after 2 seconds. 

... ... ... 

·--

... 
Display In measurement mode 

• •• ,--~(i).;.:l -----.. 

0.15 3 
® 0mmnmDnuiU I 

® @ 
Display In calibration mode 

BA201Y17 

3.3 Position and function of the operating elements on the 
electronic insert 

® Key for calibrat1ng the lower range value 

·.&-:..~,.---- ® Key for calibrating 
the upper range value 

Terminal lugs for 
measuring the -----1*-->t.:
signal current 

BA201Y18 

No. Operating element Function 

(j) Damping switch Switch position ·off". Damp1ng 0 s 
Switch position •on·. Damping 2 s 
It IS possible to enter a damping value between 0 . .40 s via 
communication 

® Key for lower range value The value currently saved lor the lower range value 
e g. 4 rnA (zero po1nt) is displayed and the acting pressure is 
taken as the lower range value. 

® Key for upper range value The value currently saved for the upper range value 
e g 20 rnA is displayed and the acting pressure is taken as 
the upper range value. 

®+® B1as key combination: The value currently saved for the bias pressure is displayed 
Key for lower range value and and the actrng pressure is taken as the bias pressure. 
key for upper range value 

®+® Reset key combination. The reset IS activated when both keys are held down for at 
Key for lower range value and least 7 s. 
key for upper range value 
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3.4 Operating via Commuwin IT 

With the Commuwin II display and operating programme, Cerabar M can be 
calibrated and operated as follows: 

• Via matrix operation or 
• graphic operation 

For this, the corresponding server (e.g. HART or ZA. 672) must be activated. For a 
description of the Commuwin II operating program, see Operating Instructions 
BA 124F. 

In this operating mode in the device parameters menu, you can access advanced 
Cerabar M functions. 
• Each row is assigned to a function group. 
• Every field represents a parameter. 

Enter the setting parameters in the appropriate fields. 

'• ... 

In this operating mode, enter the setting parameters for defined configuration 
procedures in the corresponding boxes. 

t': Graphic support -Status pocture ll!ll!!f £1 

Endress+Hauser CERABAR M 

SOFTWARE NO. 

DIAGNOSTIC CODE 

lo 

SET TAG NUMBER 

I• 
MEASURED VALUE 

IP% I bar 

Endress+ Hauser 

3 Operation 

Operating matrix 

Figure 3.4 
Devoce data menu in 
Commuwin II 

Graphic operation 

Figure 3.5 
Device data menu in 
Commuwin II 
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3 Operation 

Figure3.6 
Left: 
Menu control with the DXR 275 
fight: 
Universal HART Communicator 
DXR 275 Handheld Terminal 

18 
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3.5 Operating via Universal HART Communicator DXR 275 

When operating via HART protocol, a menu control system derived from the matrix is 
used (see also Operating Instructions for the handheld terminal) 
• The "Select group" menu calls up the matrix. 
• The menu headers are displayed. 
• The parameters are set via sub-menus. 

PMC41· LIC00010 
LC display Online I fW!43141.Ji& 

20mbar ~ with menu text 
~ 

GIDI 
Function keys 

I 

~ Keys for 
menu selection 

I 

Keys for 
parameter input 

BA201E40 BA201Y41 

The electrical connection of the Universal HART Communicator DXR 275 handheld 
terminal is described in chapter 2.5, the step-by-step commissioning of the 
measuring point in chapter 4. 
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4 Commissioning 

This chapter conta1ns the following information: 
• On-site commissioning using keys on the electronic insert 
• Commissioning and operation. via communication (Universal HART Communicator 

DXR 275 handheld terminal or Commuwin II) 
• Locking and unlocking the measuring point 
• Measuring point information 

4.1 On-site commissioning 

• Connect the Cerabar M electrically (Chap. 2.5 "Electrical connection"). 
• Ensure that a pressure can be generated within the required measuring range. 
• If you have not installed a digital display, then connect a mult1meter (4 .. 20 mA) to 

the appropriate term1nallugs. 
• If you have installed a digital display, the calibration values appear there. 

The damping t affects the speed with which the output signal and the digital display 
react to changes 1n pressure 
The damping is set via a switch on the electronic insert. 

• Switch position off: Damping 0 s ~ DamR1ng sWitch 

• Switch position on. Damping 2 s ~ 

Use the "Zero" key to call up the lower range value currently saved or to calibrate the 
upper range value. 

• Calling-up lower range value: 
Press the "Zero" key. The current 
calibration value appears in the d1gital 
display* and remains there for approx. 
2 s after releasing the key. 

• Calibrating lower range value: 
1. Specify the exact pressure for the 

lower range value (zero point). 
2. Press the "Zero" key. The calibration 

value currently saved appears in the 
digital display*. 

"' r;: 
0 
11! 
Ill 

3. Release the key and press the key a second 
time within approx. 2 s. Hold down the key for 
3 to 4 seconds until the "Z" symbol* stops 
flashing. The available pressure is now 
adopted as the new lower range value. 

Endress+Hauser 
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4 Commissioning 

Contents 

Preparatory work 

Damping 

F1gure4.1 
Position of the damping sw1tch 

Figure4.2 
Posit1on of keys for calibrating 
lower and upper range value 

Calibrating lower range 
value 
• D1grtal display optional 

Rgure4.3 
Dig1tal display: Left, the ·s· and 
the ·r symbol 
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4 Commissioning 

Calibrating 
upper range value 
*Digital display optional 

Position calibration 
• only display 
(bias pressure) 
·oig1tal display optional 

Resetting to 
factory settings 
(reset) 

20 
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Use the "Span" key to calibrate the upper range value: 
1. Specify the exact pressure for the upper range value. 
2. Press the "Span" key. The calibration value appears in the digital display*. 
3. Release the key and press the key a second time within 2 s. Hold down the key for 

3 to 4 seconds until the "S" symbol* stops flashing. The available pressure is now 
adopted as the new upper range value. 

If the display does not show zero after calibrating the lower range value at zero 
operating pressure (position-dependent), it can be corrected to zero by adopting the 
available bias pressure (position calibration). 

The bias pressure is calibrated using the Zero and Span keys. 

1. Press the Zero and Span keys 
simultaneously. The bias pressure 
currently saved appears 1n the 
digital display*. 

2. Release the keys and press them a 
second time within 2 seconds. Hold 
down the keys until the "Z" and the 
"S" symbols* stop flashing. 
The available pressure is now adopted 
as the new bias pressure. 

Note! 

(/) .. 
iii 
c. 

p 

Do not hold Zero and Span down for longer than 6 seconds, otherwise the system 
resets- see next section. 

Use the Zero and Span keys to reset to the factory setting: 
-to the lower range value (Zero) = lower sensor measuring limit 
- to the upper range value (Span) = upper sensor measuring limit 
- the bias pressure to zero = 0.0 pressure unit 

1. Press the Zero and Span keys simultaneously. 
2. Release the keys, press them a second time within 2 seconds and hold them for 

at least 7 seconds. A completed reset is confirmed on the digital display (optional) 
w1th "Res". 

Endress+ Hauser 
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4.2 Commissioning and operation using communication 

• Connect the Cerabar M electrically (Chap. 2.5 "Electrical connection"). 
• Decide which tool you want to use to operate the Cerabar M and make the 

connection. (Commuwin II see Chapter 3 4, Universal HART Communtcator DXR 
275 see Chapter 3.5). 

By entering a certain code, the entries in the matrix are reset partially or completely to 
the factory settings. Further information on the various types of reset and their effects 
is given in Chapter 5.3 "Reset". 

# I Matrix ~Route through 
the menus 

~Input 

Main group: Transmitter Information 

1 Resetting to factory setting (Reset) 

I V2H91 ~ Default 
Values 

I e.g 2380 
Enter 

The damping 't affects the speed with which the output signal and the digital d1splay 
react to changes in pressure. 
To set the damping using the handheld terminal, the damping switch on the electronic 
insert must be "on". With the handheld term1nal, values between 0 and 40 seconds 
can be selected for the damping 

# Matrix Route through Input Damping SWitCh 
the menus 

1 Move damping switch to "on" 

Main group: Basic calibration 

2 Suppression of measured value fluctuations 

VOH7 ~ Damp1ng 
output e g 20 s 
t =0 40s Enter 

Leap 
100% 

63% I Output 
i signal 

C') I ... 
> Time & 
c( 0 't 2-r 3-r 
"' 

4 Commissioning 

Preparatory work 

Resetting to 
factory setting 
(Reset) 

Damping 

By selecting the pressure unit you define in which unit the pressure-specific Selecting pressure unit 
parameters are displayed. The pressure units in the table below can be selected. 
After selecting a new pressure unit, all entries for pressure are recalculated to the new 
unit, e.g. 0 ... 1 bar= 0 ... 14.5 psi. 

# j Matrix l Route through 
the menus 

I Input 

Main group: Basic calibration 

1 Select1ng pressure unit 

I VOH91 ~ Select 
pressure un1t 

I e g psi 
Enter 

Units Units Units Units Units 

mbar kPa 1n H20 kg I cm2 Torr 

bar MPa ft H20 kgf I cm2 mmHg 

Pa mmH20 psi atm 1n Hg 

hPa mH20 g I cm2 lb I tt2 
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4 Commissioning 

Lower and upper range 
values: Setting without 
reference pressure 

Lower and upper range 
values: 
Calibration with 
reference pressure 

Position calibration 
- only display 
(bias pressure) 

22 
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The desired pressure for the lower range value (zero point) and the upper range value 
is set using the handheld terminal without specifying a reference pressure. 

4# I Matrix j.Route through 
the menus 

!Input 

Main group: Basic calibration 

1 Enter known pressure for· the lower range 
value 

I VOH1 I,.. Set4mA legOpsi 
Enter 

2 Enter known pressure for the upper range 
value 

reference pressure 
I VOH21 ).. Set 20 mA I e.g 14.5 ps1 

Enter 

A reference pressure is available which corresponds exactly to the desired lower 
range value (zero point) and the desired upper range value. 

# Matrix Route through Input 
the menus 

Main group: Basic calibration 

i Adopt available pressure as the lower range 
value 

VOH3 ).. Confirm 4 rnA e.g 0 psi 
automatically Enter 

2 Adopt available pressure as the upper 
range value 

VOH4 ,.. Confirm 
Reference pressure 20mA e g. 14.5 psi 

automatically Enter 

If the display does not show zero after calibrating the zero point at zero operating 
pressure (position-dependent), the display value can be corrected to zero by entering 
or adopting a bias pressure (position calibration). 

# j Matrix I Route through 
themenus · 

I Input 

Main group: Basic calibration 

1 Set display to zero by entenng a known bias 
pressure (position-dependent pressure). 

I VOH51 ,.. Set I e g 5 ps1 
bias pressure Enter 

alternative 

2 Set display to zero 
An available bias pressure 
(position-dependent pressure) is adopted 
as zero pressure. 

VOH6 ,.. Confirm 
bias pressure 
automatically Enter 
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The signal current in uninterrupted operation is set to 3.8 ... 20.5 mA as standard. 
Selecting the 4 mA threshold guarantees that a minimum signal current of 4 mA is not 
undershot. 

# Matrix Route through Input 
the menus 

Main group: Sensor data 

1 V7H3 ,... Off 
Current output e.g. On 
m1n 4mA Enter 

To signal an error, an error code with the measured value is transmitted. 
The bar graph in the dig1tal display also takes in the value you have selected. The 
following values can be selected: 
• MIN: 3.6 mA 
• MAX: 22mA 
• CONTINUE: continue measurement 

# I Matrix I Route through 
the menus 

Jlnput 
MAX.22mA 

Main group: Basic calibration 

1 Select output w1th error 

I VOHB I ,... Select I e.g. MAX. 
safety Enter 

MIN.3.6mA 

BA201Y44 

4.3 Locking/unlocking the operation 

After calibration or after entering all parameters, operation can be locked using a 
three-digit code number other than 130. This locks all fields and functions except 
V9H9 "Security locking". Entering 130 deactivates the locking. 

# j Matrix I Route through 
the menus 

I Input 

Main group: Service 

1 Lock operation 

I V9H91 ,... Security 
locking 

I e g 131 
Enter 

2 Deactivate security locking 

I 
V9H91 ,... Security 1130 

lockmg Enter 

Endress+ Hauser 
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4 mA threshold 
(current output 
min.4mA) 

Output with error 
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4 Commissioning 

Communication layer 
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4.4 Information on measuring point 

The following information on the measuring point can be called up with the handheld 
terminal or using Commuwin II. 

Matrix field Display or entry 

Measured values 

VOHO Main measured value for pressure 

V7HO Current display. Present current in mA 

V7H8 Sensor pressure (un1t selectable 1n VOH9) 

V9H7 Current damped pressure Without bias correction 

Sensor data 

V7H4 Lower calibration pressure 

V7HS Upper calibration pressure 

V7H6 Lower range hmit of sensor (unit selectable in VOH9) 

V7H7 Upper range limit of sensor (unit selectable in VOH9) 

Information on transmitter 

V2H2 8011/8012 =Software number 

V2H7 Sensor data no 
Number of the entry in the sensor table (1 10), 
please refer to sensor pass 

V2H8 Sensor data value 
Entry 1n the sensor table, contains all sensor-specific data. 
please refer to sensor pass 

Error response 

V2HO DiagnostiC code 

V2H1 Last d1agnost1c code 

Matrix field Display 

VAHO Measuring point designation 
Here you can name the measuring point using max. 8 characters 

VAH1 System identification (Descnptor) 
Here you can enter max. 16 characters. 

VAH2 User text 
Here you can enter max. 8 characters. 

VAH3 Dev1ce serial number 

VAH4, Sensor serial number 
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5 Diagnosis and Trouble-Shooting 

5.1 Diagnosis of errors and warnings 

If the Cerabar M detects an error, the following occurs: 
• an error code is generated and flashes on the digital display, 
• when the digital display is connected, the bar graph accepts the selected value for 

the error message (MIN, MAX, CONTINUE), 
• the display value and the bar graph flash, 
• transmitter information can be read in the main group or error codes can be read in 

matrix fields V2HO and V2H 1. 

If the Cerabar M detects a warning, the following occurs: 
• an error code is generated: the Cerabar M continues measuring. 
• the scale flashes when the digital display is connected, 
• transmitter information can be read in the ma1n group or error codes can be read in 

matrix fields V2HO and V2H1. 

If several errors occur simultaneously, the sequence in which they are displayed 
corresponds to their order of priority. 

Code Type Reason and remedial measures Priority 

E 101 Error Sensor table check sum error 2 
- is shown when sensor data is being entered. 

The error message disappears when the sensor data is entered 
correctly and m full. 

- Check sum is Incorrect 
Check sensor data - see Sensor data "parameters no "(V2H7) 
and "Sensor Data Value" (V2HB). See also Chapter 6.6 Section 
"Entering sensor data" 

E 103 Error Initialisation active 1 
- The electronics are initialised when the dev1ce 1s connected. 

Wait for initialisation procedure 

E 104 Wam1ng Sensor calibration 8 
- Values in V7H4 and V7H5 (Low Sensor Cal and H1gh Sensor Cal) 

are too close to each other e g after sensor recalibratlon 
- Carry out reset (Code 2380). recalibrate sensor 

E 106 Error Up/download act1ve 5 
- Wait for download 

E 115 Error Sensor gauge pressure 3 
- Gauge pressure present. 

Decrease pressure unfl/ message disappears 
- Sensor- electronic insert cable connection interrupted. 

Check cable connection. 
- Sensor defective Replace sensor 

E 116 Error Download error (PC - Transminer) 6 
- During download, the data is incorrectly transmined to the processor, 

e.g due to open cable connections. voltage peaks (ripples) on the 
supply voltage, EMC effects. 
Check the PC- transmitter cable connection Carry out reset "5140" 
Start download agam. 

E 120 Error Sensor underpressure 4 
- Pressure too low Increase pressure unt1l message disappears. 
- Sensor- electronic insert cable connection interrupted. 

Check cable connect1on 
- Sensor defective. Replace sensor. 

E613 Warning Current simulation active 7 
- Stays until Simulation is completed - see also Chapter 5.2 

E620 Warning Measured value outside of lower/upper range value 9 

Endress+Hauser 
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Error codes 
in V2HO and V2H1 
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Reset 
via local operation 

Reset 
via communication 

26 

5.2 Current simulation 

If the function or certain reactions of connected switching units need to be checked, a 
signal current independent of the available operating pressure can be simulated. 

# Matrix Route through Input 
the menus 

Main group: Additional functions 

1 V7H1 ,.. SimulatiOn ON 

2 V7H2 >- S1mulate 
current eg 22mA 

5.3 Reset 

Use the Zero and Span keys to reset to the factory setting: 
to the lower range value (Zero)= lower sensor measuring limit 

-to the upper range value (Span) = upper sensor measuring limit 
- the bias pressure to zero = 0.0 pressure unit 

1. Press the Zero and Span keys simultaneously. 
2. Release the keys, press them a second time within 2 seconds and hold them for 

at least 7 seconds. A completed reset is confirmed on the digital display (optional) 
with "Res". 

By entering a certain code, the entries in the matrix fields are reset part1ally or 
completely to the factory settings. 

Input 

Main group: Transmitter information 

1 V2H9 >- Factory e.g 2380 
settings 

The Cerabar M differentiates between different reset code numbers with different 
effects. See the table on the next page to find out which parameters are reset by reset 
code numbers 5140, 2380, 2509 or 731. 
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• Table of parameters that can be reset by the reset code numbers. 

HO H1 H2 H3 H4 HS 

vo Measured Set Set 4mA 20mA Set 
value 4mA 20mA automat. automat. Bias 

pressure 
5140 = V7H6 = V7H7 deleted deleted 0.0 
2380 = V7H6 = V7H7 deleted deleted 0.0 
2509 
731 = V7H6 = V7H7 deleted deleted 0.0 

V2 Diagnostic LastDiag. Software-
code code No. 

0 
5140 
2380 
2509 
731 

V3 ... V6 

V7 Current Simulation Simulation Current Low Sen. High Sen. 
display current min.4mA Calibration Calibration 

5140 Off deleted Off = V7H6 = V7H7 
2380 Off = V7H6 = V7H7 
2509 

• 731 Off 

VB 

V9 

5140 
2380 
2509 
731 

VA Measuring System User text Serial Serial no. 
point identificat number Sensor 

5140 deleted deleted deleted 
2380 deleted deleted 
2509 
731 

• 
Endress+Hauser 
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H6 

Bias 
pressure 
automat. 
deleted 
deleted 

deleted 

Lower 
measuring 
limit 

Pressure 
before 
Bias corr. 

H7 

Reset 
via communication 
(continued) 

HB H9 

Set Select Pressure 
output safety unit 
damping 
00 max. bar 
00 max. 

00 max 

Upper Sensor 
measuring pressure 
limit 

Security 
locking 

130 

27 



6 Maintenance and Repair 

Cleaning 

Hinweis! 

Hinweisl 

Hinweis! 

28 

Cerabar M HART 

6 Maintenance and Repair 

6.1 Maintenance 

In general, no special maintenance is required on the Cerabar M. 

In general, the pressure sensor must neither be cleaned nor cleared of material 
build-up. Build-up has no effect on the measurement result as long as it is porous and 
does not present a mechanical load on the diaphragm of the pressure sensor. 
The cleaning agent used should not corrode the surfaces and seals. Avoid 
mechanical damage to the diaphragm. 

Note I 
Measuring errors may occur over a short period within the framework of cleaning 
processes with strong temperature deviations. 

6.2 Repair 

The Endress+ Hauser repairs concept provides for measuring devices to have a 
modular design and the customer may carry out repairs. 
Chapter 6.5 contains all the spare parts listed with their order numbers. You can order 
them from Endress+ Hauser for repairs on your Cerabar M. As far as necessary, the 
spare parts also include replacement instructions. 

Note! 
For Ex-certif1ed devices, please refer to Chapter 6.4 "Repair of Ex-certified devices" . 
For more information on service and spare parts contact the Endress+ Hauser Service. 

6.3 Returning for repair 

If you have to return the Cerabar M to Endress+ Hauser for repair, please fill in the 
"Declaration of Contamination" on Page 47 so that we have the following information: 
• A description of the application. 
• The chemical and physical properties of the product with which the device came 

into contact. 
• A brief description of the error. 

Before sending in the Cerabar M to Endress+ Hauser for repair, please take the 
following protective measures: 

• Remove all traces of the product. 
This is particularly important if the product is dangerous to health. 

• We request that no device be returned to Endress+ Hauser without all dangerous 
material having first been completely removed. 

Note! 
Devices with certificates of conformity or design approval must be sent in for repair as 
complete units only. 
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6.4 Repair of Ex-certified devices 

Warning! 
When repairing Ex-certified devices, please note the following: 

• Only specialist personnel or Endress+Hauser may undertake repairs to certified 
devices. 

• Relevant standards, national hazardous area regulations and Safety Instructions 
(XA ... ) and Certificates must be observed. 

• Only genuine Endress+Hauser spare parts may be used. 
• When ordering spare parts, please check the device designation on the nameplate. 

Identical parts may only be used as replacements. 
• Electronic inserts or sensors already in use in a standard device may not be used as 

spare parts for a certified device. 
• Carry out repairs according to the instructions. After repairs, the device must fulfil 

the requirements of the specified individual tests. 
• A certified device may only be converted into another certified variant by 

Endress+Hauser. 
• All repairs and modifications must be documented. 

For more information on service and spare parts contact the Endress+Hauser Service. 

6.5 Spare parts 

The diagrams on the following pages show all the Cerabar M spare parts which can 
be ordered from Endress+Hauser. 
When ordering spare parts, please note the following: 
• When replacing parts that are defined by the order code (e.g. 

PMO 40- 0 00 00 0 J 0 00 o = Cerabar M with Smart electronics and digital 
display), you must check whether the device designation on the nameplate is still 
valid. 

• Only the process connection of the PMC 41 , PMP 41 and PMC 45 models can be 
exchanged by the customer. For all other versions, the process connection ordered 
is supplied with the complete housing, but without the electronic insert. 

• If a new sensor is ordered as a spare part, the completely mounted device is 
generally supplied with housing and process connection, but without the electronic 
insert. 

• If the device designation on the nameplate is changed because of a spare part, a 
modified nameplate must also be ordered Information on the new device must be 
entered on the modified nameplate and the nameplate must then be secured to the 
Cerabar M's housing. 

• An Ex-certified device may not be modified or converted. The device designation 
specified on the nameplate must still be applicable after a repair. 

• It is not possible to convert a standard device into an Ex system by replacing its 
parts. The appropriate regulations are to be observed when certified devices are 
being repaired . 

Endress+ Hauser 
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Electronics spare parts for Cerabar M with stainless steel housing 

hd (standard) 
52002468 

hd with hd lock 
(Ex-vers1on, only 
versions K, L, T, M) 
52002850 

' 

screws 3 x 10 
(Included) 

L--------------

lid with s1ght glass· glass (Ex i) 
943301-1000 
lid With lid lock and 
sight glass. glass 
(only lor vers1ons K. L. T, M) 
943301-1 001 
hd with sight glass: polycarbonate 
52001403 

--- display module complete 
with reta1mng ring 
HART: 52002644 

' analogue. 52002645 
PROFIBU$-PA: 52008930 

r, ' --- retaining ring separate 
, HART and analogue: 943322-0000 

-----j-------------------------l PROFIBUS-PA: 52005905 

----- electronic module 
HART SW version I 2. 52015257 
HART SW vers1on I .2, programmed with sensor data· 52001998 
PROFIBU$-PA SW vers1on I .2: 52014925 

screws3x8 --*f ,':! 'f 
electronics ----
holder 

PROFIBU$-PA SW vers1on t .2, programmed w1th sensor data· 52008265 
analogue: 52002022 

central 
mount 

hous1ng 
Ft5 

(stainless 
steel) 

-· 
----------- profile seal642 x 72.7 x 5 

52003959 (set 5 pieces) 

ver. cable order 
entry code 

At Pg 13.5 52002450 
Ct WNPT 52002448 
Et M20 X 1.5 52002449 
Gt G~ 52002447 
Lt Mt2xt plug 52005984 
HI Hartin lu 52006007 

flat seal s1hcon 40 x 43 x t 
(set of 5, but Included with 
the sensor) 
52002849 
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Electronics spare parts for Cerabar M with aluminium housing 

lid 
mel. seal 
52005910 

i<lt cover seal 
(set 10 p1eces 
EPDM 70 0 x 3 0) 
520042n 

hd With Slghtglass 
mel seal 
52005044 

krt cover seal 
(set 10 pieces 
EPDM 70.0 x 3.0) 
520042n 

, ---diSplay module complete 
; wlth retcunmg nng 
! HART. 52002644 

•,' sc~ws 3 x 1o T ~ analogue: 52002645 
'

9 PROFIBUS-PA. 52008930 
::: {Included) -- ':• 

---mtrumng nng separate 
, , HART and analogue 943322-<XlOO L----------------------t-------------------------· PROFIBU5-PA 52005905 

electroniC module 
HART SW vernoon 1.2· 52015257 
HART SW vers10n 1.2, programmed wrth sensor data. 52001998 
PROFIBUS·PA SW vers1on 1.2· 52014925 

central mounl 
PROFIBUS·PA SW vers1on 1.2, programmed With sensor data: 52006265 
analogue 52002022 

metal ----------.., 
52005911 

PAL-clamp 1 safety loop for 'i e 
1nside ~ cover w.th tn .. ! 

~ certificate EEx tj ' 

1-~~:~::'"-·------w-•-:-•--•-1 

PAL-clamp 

:.~o :_!H' 
----, outside 

Endress+Hauser 

order 
code 

52002448 
52002449 

M20 X 1,5 --'lflli!!;§!lfl 

52002447 
520059841---------
52006007 

----- electronics 
holder 

---- hous1ng 
F18 
(alummrum) 

flat seal Silicon 40 x 43 x 1 
(set of 5, but mduded With 
the sensor) 
52002849 

31 



6 Maintenance and Repair 

32 

Spare parts PMC 41 

exchangeable thread 
ver. thread order code 
1 M G 1!1 external 
1T M20 x 1.5 external 
1N ¥.!" NPT external. \4" internal 
1A I>" NPTexternal. 11.4 mm internal 
1K PTI!! external 
1R Gl> external, 11.4 mm internal 
1 P Gl> external, G l4 internal 
1S PF\io external 

52009786 
52009787 
52009788 
52009789 
52009790 
52009791 
52009792 
52009793 
52000604 
52000603 

~angled dtsk52002632 
~(standard) 

~~ [I complete with 
2M GY.! external. Alloy 
2N W NPT ext., l4' Internal, Alloy 

Spare parts PMC 45 

measuring cella with sanitary couplings 1.4435 
DIN11851,DN50 (verstonAL) ClampDN2 (ver.DL) 
DIN 11851, ON 40 (vars10n AH) Varivent68 mm (ver. LL) 
DIN 11864-1-A ON 40 (version AS) DRD 0=65 mm (ver. KL) 
DIN 11864-1-A ON 50 (vers~on An APV lnline PN 40 (ver. HL) 
SMS DN11> (vers10n EG) 
SMS DN2 (version EL) 

process seals at the membrane 
0-nngs 26.7 x 1 78 

FDA listed 

FKM 
FFKM Kalrez 
FKM, oxygan usa 
Chemraz 
EPM,EPDM 
NBR 

E:J e ----- 3 Allen screws M5 x 12 

threaded boss 1.4435 

G 2 (ver.AR) 
2' NPT (ver. BR) 

52009856. 
010561-0006 
52010137. 
52005749 
52017989' 
52010155. 

• satol5 
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Spare parts PMP 41 

---------------------------------------------------------------: 

process comection 
welded w11h cell 
{no spare part) 

Spare parts PMP 45 
' 
' ' ' ' ,------------------------------.,.-------------------------------,-------------------------------

1 : I 

measuring cells type PMP 45 

threaded boss G 1 With metallic 
cone seal and weld·in adapter 
{vers•on CD) 

sanitary couplings 1.4435 

DIN 11851 
DN25 

{versJon AB) I 
Clamp ON 1 {version DB) 
Miniclamp ON 20 {version DA) 
Vanvenl 50 mm {vers•on LB) 

threaded boss 

'A" NPT 
{vers1on BB) 

Spare parts PMP 46 and PMP 48 

Endress+ Hauser 

' ' ' .--------------------------------------------------------------------------------·. 
~ Diaphragm seals can be filled with different [ 

liquids and can feature a multitude of 
flange versions and sanitary couplings. 

' ' 

cb 

process connection 
~....:...l!!l'1-- and ceil welded together 
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Releasing the display 

Figure 6.1 
Left: 
Releasing the retaining ring 
Right: 
Lifting off display 

Mounting the display 

Figure 6.2 
Mounting the display 

34 

Cerabar M HART 

6.6 Mounting the digital display 

The digital display is delivered already mounted when it is ordered with the device. It 
can be ordered as a spare part if required, Order No. 52002644. 

• Push up the latch with the arrow until the grip of the retaining ring on the electronic 
insert is audibly released. 

• Release the retaining ring and lift off carefully to prevent the display cables from 
breaking. 

• Remove the plug of the display from the electronic insert. 

BA201Y15 

To release the retaining ring from the electronic 
insert push latch with arrow upwards. 

Lift off retarning nng wrth display and release plug 
of drsplay. 

• Insert the plug of the display into the jack provided in the electronic insert and clip in 
<D. 

• Insert the pin on the retaining ring into the hole provided in the electronic insert®. 
• Firmly press down the retaining ring with the display on the electronic insert. The 

grip clips in with an audible click. 

BA201Y25 BA201Y26 

Endress+ Hauser 
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6. 7 Changing the electronic insert 

If the present Smart electron1c insert is to be replaced with another Smart electronic 
insert, it can be ordered under the following order number. 
D 52001998 

Cerabar M meter electronics, 4 ... 20 mA, HART protocol, with sensor data. 
When ordering, specify the dev1ce's sensor number (see nameplate). Your 
electronic insert is then realigned at the factory to the data of the present sensor. 

0 52001997 
Cerabar M electronics, 4 .. 20 mA, HART protocol, without sensor data. 
When ordering, the electronic insert is programmed with a default data set. In order 
to achieve the defined measuring accuracy aga1n, reenter the data of the present 
sensor after replacing the electronic insert (see the following section "Entering 
sensor data"). 

After replacing the electronic insert the device must be recalibrated. Information on 
callbrat1on is prov1ded in Section 4 "Commissioning". 
If the available Smart electronic insert is replaced with an analog electronic insert, the 
specifications in Operating Instructions BA 200P apply, for the PROFIBUS-PA 
electronic insert Operating Instructions BA 222P apply. 

• Where appropriate, loosen and remove the retaining ring with the display and 
release the display's plug from the electronic insert. 

• Release the connecting cable from the electronic insert. 
• Loosen screws CD and ® on the electronic insert. 
• Lift out the electronic insert. 

Figure 6.3 
Position of the screws CD and ® for releasing the 
electronic insert 

Endress+ Hauser 
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Removing the 
electronic insert 
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Mounting the 
electronic insert 

Entering sensor data 

Ftgure 6.4 
Example sensor pass 

Hinweis! 
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• Plug in the new electronic insert and tighten screws <D 
and®. 

• Connect the connecting cable as shown in Chapter 2.5 "Electrical connection•. 
• Carry out a calibration as explained in Chapter 4 "Commissioning". 
• If necessary, mount the display. 

A sensor pass with sensor data is located in the housing of each device. These data 
must be re-entered if the electronics are replaced. 

Senal no. (also on housing and Sensor data no. in 
sensor label) matrix f1eld V2H7 

Sensor serial no. 

HART number 

Sensor data value 
1n matrix field V2H8 

Before entering the sensor data, the matrix fields V2H7 and V2H8 are released by the 
code 333. All other matrix fields are then blocked against unauthorised operation. 
After entering, unlock the matrix fields again and perform a reset with code 2380. 

Note! 
When entering the sensor data, the error code E101 "Sensor table check sum error• is 
shown. The error message disappears when the sensor data are entered completely 
and correctly. 

Endress+Hauser 
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Carry out the entry procedure as follows. 

# Matrix Route through Input 
the menus 

Main group: Service 

1 Lock operation 

V9H9 >- Security 333 
locking 

Main group: Transmitter Information 

2 Entering sensor data 

V2H7 >- Enter sensor 
data no 01 

V2H8 >- Enter sensor 
check sum e g. 3306 

V2H7 >- Enter sensor 
data no 02 

Enter all other pairs of values 

V2H7 >- Enter sensor 11 
data no 

V2H8 >- Enter sensor 
coefficient A 1 e g 12044 

Main group: Service 

3 Unlock operation 

V9H9 >- Unlocking 130 

Main group: Transmitter information 

4 Carry out reset 

V2H9 >- Adopt sensor Code 2380 
data 

6.8 Changing the sensor 

If the sensor has to be changed, Endress+Hauser offers a complete housing with the 
new sensor and process connection required but without an electronic insert. 
Therefore, when changing the sensor, simply remove the electronic insert from the old 
housing and install it in the new one. After changing the measuring cell, the sensor 
parameters of the new sensor and the Cerabar M must be recalibrated. 
• Ordering a housing with sensor and process connection· 

PMO 40- 0 00 00 0 W 0 00 0 0 
• For instructions on mounting the electronic insert and entering sensor parameters 

see section 6.7 "Changing the electronic insert." 
• For instruct1ons on calibration see Chapter 4 "Commissioning". 

6.9 Changing the process seal 

The process seal of the Cerabar M PMC 41, PMP 41 and PMC 45 can be replaced. 
All process seals can be interchanged as required. Observe the different temperature 
limits of the individual materials. For further information see Chapter 7 "Technical 
Data" 

Endress+ Hauser 
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PMC41 

PMP41 

PMC45 

38 

Changing the process seal for 
PMC 41: 

• Loosen the screws on the retaimng ring 
of the exchangeable thread. 

• Remove the retaining ring and 
exchangeable thread. 

• Clean the sealing surfaces and 
diaphragm carefully. 

• Replace process seal. 
• Secure the exchangeable thread with 

the retaining ring and screws. 

Changing the process seal on the 
PMP 41 (only versions with 
exchangeable thread): 

• Loosen the exchangeable thread. 
• Clean the sealing surfaces and 

diaphragm carefully. 
• Replace process seal. 
• Tighten the exchangeable thread. 

Changing the process seal on the 
PMC 45: 
(Process seal for a G 1%, 1 Y2 threaded 
connection NPT or M 44x1.25 cannot be 
changed). 

• Loosen the screws of the process 
connection. 

• Clean the sealing surfaces and 
diaphragm carefully. 

• Replace process seal. 
• Secure the process connection with the 

screws. 

Cerabar M HART 

BA201Y54 

Process seal 
O-ring26.7x1.78 --0/ 

Exchangeable ~ 
thread 8 
Retaining ring with ~ 
Allen screws - .,. 
M3x8 
Tightening torque ~ a 
1.5 Nm e 

BA201YS8 

27 AF 

NBR seal, Viton seal or 
PTFE + Hastelloy C ring ~ 

Exchangeable thread ~ ~ 
32AF )t( 
max. starting torque 80 Nm 

BA201Y69 

Allen screws 
M3x8 
Tightening torque 
1.5Nm 
Process seal 
0-ring 
26.7 X 1.78 

Process 
connection 

--lq:> 

--~ 
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6.10 Sensor calibration 

You can use the "Low Sensor Cal" (V7H4) and "High Sensor Cal" (V7H5) parameters 
to recalibrate a sensor if you want to calibrate your sensor exactly to a measuring 
range or want to mount a diaphragm seal, for example. 
The highest accuracy of the pressure transmitter is obtained when the value for the 
"Low Sensor Cal" (V7H4) parameter corresponds to the lower range value 
(VOH1NOH3) and the value for the "High Sensor Cal" (V7H5) parameter corresponds 
to the upper range value (VOH2NOH4). 

There must be a known reference pressure for the new lower or upper value of the 
sensor characteristic curve. The more accurate the reference pressure during sensor 
calibration, the higher the accuracy of the pressure transmitter later. A new value is 
then assigned to the applied pressure using the "Low Sensor Cal" (V7H4) and "High 
Sensor Cal" (V7H5) parameters. 

# VH Entry Remarks 

1 A device with a sensor· 0 0 . 10.0 bar should 
be recalibrated for the range 1.0 .. 6.0 bar. 

2 Reference pressure acting for value "Low 
Sensor Cal" (V7H4) = 1 0 bar. 

3 V7H4 1 0 The value 1 0 is 
assigned to the 
acting pressure. 

4 Reference pressure acting for value "H1gh 
Sensor Cal" (V7H5) = 6 0 bar. 

5 V7H5 60 The value 6 0 is 
ass1gned to the 
acting pressure. 

6 The sensor IS now calibrated for 1.0 .. 6.0 bar. 
The matrix fields V7H4 and V7H5 display: 
Low Sensor Cal (V7H4) = 1 0 bar 
High Sensor Cal (V7H5) = 6.0 bar 

Note! 

Sensor charactenst1c curve- here, e g. 
for a pressure sensor: 0.0 .. . 1 0.0 bar 

Pressure 
e. g. [bar] 

H1gh 10.0 +----------. 
Sensor Sensor charactenst1c 
Cal (V7H4) curve 

Low 0.0 "---------+--
Sensor 0.0 
Cal (V7H4) 

8A201Y73 

10.0 
Applied reference 
pressure 
e .. bar 

Sensor characteristic curve - recalibrated 
for the measuring range: 1.0 ... 6.0 bar 

Pressure 
e.g.[bar] 

High 10.0 New sensor 
Sensor charactenst1c 
Cal (V7H4) curve 

"new" 6.0 +----".----,., 

Low 1.0 /i 
Sensor 1....:..1------1---+-
Cal (V7H4) 1.0 
"new" 

BA201Y74 

6.0 10.0 
Applied 
reference pressure 
e .. bar 

• By entering the reset code "2509" in matrix field V2H9, you reset the following 
parameters to the factory setting: 
- Low Sensor Cal = Lower measuring limit (V7H4 = V7H6), 
-High Sensor Cal = Upper measuring limit (V7H5 = V7H7), 

• If the "Low Sensor Cal" (V7H4) and "High Sensor Cal" (V7H5) values are too close 
together, the device outputs the error message "E 104" . 

Endress+ Hauser 
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7 Technical Data 

General information 

Application 

Operation and system design 

Input 

PMP 46, PMP 48· 
The specified overload applies to 
the sensor Please also note the 
the maximum permissible gauge 
pressure when using diaphragm 
seals 

40 
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Technical Data • 
Manufacturer Endress+ Hauser 

Dev1ce Pressure transmitter 

Designation PMC 41, PMP 41, PMC 45, PMP 45, PMP 46, PMP 48 

Technical documentation BA 201 P/00/en, version 12 03 
Technical data DIN 19 259 

Measurement of absolute and gauge pressure in gases, vapours, liqu1ds and dusts 

PMC 41, PMC 45 The pressure causes a slight deflection of the 
With ceram1c sensor ceram1c diaphragm of the sensor. The change in the 

capacitance 1s proportional to the pressure and 1s 
measured by the electrodes of the ceramic sensor 
Volume of chamber. approx 2 mm3 (0.078 in3

) 

PMP 41, PMP 45, PMP 46, PMP 48 The process pressure acting on the metallic 
with metal sensor separating diaphragm of the sensor 1s transmitted 

via a f1ll1ng fluid to a resistance bridge. The change 
in the output voltage of the bridge is proportional to 
the pressure and IS then measured. 
Volume of chamber· smaller than 1 mm3 (0.039 in3

) 

Measunng system Cerabar M and power supply e g. via 
RN 221 transmitter power pack and operation v1a 
- two keys on the device and a plug-in display 
- DXR 275 handheld terminal 
- PC wrth the Commuw1n II operating program via 

Commubox FXA 191 

ConstructiOn Stainless steel or aluminium hous1ng, 
process connections accord1ng to European, 
American and Japanese standards and all common 
diaphragm seal versions • Signal transmission 4 . 20 mA with HART communications s1gnal, 2-wire 

Measured variables Absolu1e or gauge pressure 

Measuring ranges 

PMC 41, PMC 45 PMP 41, PMP 45, PMP 46, PMP 48 

Type of Measure- Min. Overload Type of Measure- Min. Overload 
pressure ment span pressure ment span 

limits (TO 10:1) limits (TO 10:1) 

bar bar bar bar bar bar 

gauge 0. +0 1 0.01 4 gauge 0. +1 01 4 

gauge 0 .. +04 0.04 7 gauge 0. +4 0.4 16 

gauge 0. +1 0,1 10 gauge 0 .. +10 1 40 

gauge 0 ... +4 04 25 gauge 0 +40. 4 160 

gauge 0 .. +10 1 40 gauge 0 .. +100. 10 400 

gauge 0 .. +40 4 60 gauge 0 ... +400. 40 600 

gauge -Q.1. +0 1 0 02 4 gauge -1 +1 0.2 4 

gauge -Q.4. +0 4 0 08 7 gauge -1. +4 0.5 16 

gauge -1 +1 02 10 gauge -1 +10 1.0 40 

gauge -1 .. +4 0.5 25 • absolute pressure 

gauge -1 .. +10 05 40 

absolute 0 ... +0.4 004 6 absolute 0 .. +1 01 4 

absolute 0 ... +1 01 9 absolute 0. +4 04 16 

absolute 0 ... +4 04 25 absolute 0. +10 1 40 

absolute 0 ... +10 1 40 absolute 0. +40 4 160 

absolute 0. +40 4 60 absolute 0 .. +100 10 400 

absolute 0 ... +400 40 600 • 
Endress+ Hauser 
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Input 
(continous) 

_, 

Figure 7.1 
Tum down 

Set span 

0 0 4 +1 

Nom1nal valuet 

Range llm1ts 

Extended range limits 

Figure 7.2 
Extended range lim1ts 

Output 

Accuracy 

Endress+ Hauser 

Resistance to low pressures PMC 41, PMC 45 
(vacuum res1stance) 

PMP 41, PMP 45 
PMP 46, PMP 48 

Adjust1ng the span 
(Turn down) 

Zero point 1ncrease and decrease 

Output s1gnal 

Signal on alarm 

Damping Local 
Remote: 

Reference operat1ng conditions 

Linearity including hysteresis and reproducibility 
(based on the limit po1nt method to 
DIN IEC 770) 

Special specifications are required for linearity 
at low absolute pressure measunng ranges 
(due to smallest poss1ble measuring uncertainty 
which may be transferred by the DKD 
calibration point) 

Use of absolute pressure sensors with 
measuring ranges smaller than 1 0 bar for 
gauge pressure measurement 

Warm-up time 

R1se time 

Settling time 

Long-term drift (with reference to set span) 

Thermal effects: 
- With reference to the set span 
-Applies to transmitter Without diaphragm seal 

and capillary tubes 

Temperature coeff1c1ent (maximum TK) 
- If the value of the temperature coefficient 

exceeds to the value of the thermal effects 
then the thermal effects automatically apply. 

-Applies to transmitter without diaphragm sea 
and capillary tubes. 

Vibration effects 

7 Technical Data 

-Sensors with nominal value 0 1 bar: to 0.7 barabs 
all other sensors. to 0 barabs 

-To 10 mbarabs 
-Depends on the filling liqUid of d1aphram seal, 

see Technical Information Tl 322P 

TD 101 
Turn down (TD) = nominal value I set span 

-Example (see adjacent f1gure 7.1) 
Nominal value = 1 bar 
Set span = 0.4 bar 
TD = 1·0 4 

Within the extended range limits, 
see table on page 40 for range limits. 

-Examples (see adjacent f1gure 7.2). 
Gauge pressure sensor· 0 . .4 bar 
Extended range hml!s: -0.2. +4.2 bar 
Absolute pressure sensor. 0 ... 10 bar 
Extended range limits: 0 ... 1 0 5 barabs 

4 .. 20 mA signal w1th HART protocol 

Optional3 6 mA, 22 mA or CONTINUE 

Depend1ng on sw1tch poSition· off 0 s, on: 2 s 
in switch position "on" freely adjustable between 0 
and 40 s 

To DIN IEC 770 Tu=25"C (+77"F) 
Accuracy data apply after entenng "Low sensor 
calibration" and "High sensor calibration" for lower 
range value and upper range value 

±0.2% of set span 

PMC 41, PMC 45. 
~40 mbarabs to <100 mbarabs 
±0.3% of set span 

Accuracy can be influenced by fluctuating ambient 
air pressure 

1 s 

220 ms 

600 ms 

±0 1 % per year 
±0.25 % per 3 years 

for-10 .. +60"C (+14 .. +140"F). 
±(0.2% X TD+0.2%) 
for-40 -10"C (-40 + 14"F); +60 +85"C 
(+140. +185"F). 
±(0.4% X TD+0.4%) 
for process temperature +85 ... + 125 •c 
(+185 257 "F) (PMC 45/PMP 45): 
±(0.6% x TD+0.6%) 

Zero s1gnal and span 
For-10"C ... +60"C (+14"F +140"F)· 
±0.08% of nominal value/10 K 
For-40"C ... -10"C (-40"F. + 14"F); +60"C +85"C 
(+ 140"F .. + 185"F). 
±0 1% of nominal value/10 K 
For process temperature +85 .+125 •c 
(+ 185 .. 257 °F) (PMC 45/PMP 45). 
±0, 12% of nominal value/1 OK 

None (4 mm in path peak-to-peak 5Hz .. 15Hz. 
2 g: 15Hz. 150Hz, 1 g: 150Hz. 2000Hz) 
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7 Teclmical Data 

Process conditions Mounting conditions 

Ambient conditions 

Amb1ent temperature range 

Ambient temperature limits (short-term) 

Storage temperature 

Climatic class 

Degree of protection 

Electromagnetic compatibility 

Process conditions 

Med1um temperature range 

Med1um temperature limits 

Pressure specifications 

Mechanical construction Design 

HOUSing 

Process connections 

42 
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Any pos1t10n, zero point shift due to position can be 
corrected. 

-40 .. +85°C (-40. +185°F) 
For Ex-dev1ces see safety Instructions XA (ATEX) or 
Control Draw1ng ZD (CSA or FM) 

-40 ... +100°C (-40 .+257°F) 

-40 +85°C (-40 ... +185°F) 

4K4H to DIN EN 60721-3 

- IP 65 with Harting plug (Han ?D) 
- IP 66 or Nema 4X with cable gland or cable entry 

or M12 plug (with gauge sensor) 
-IP 68 (1m water over 24 h) or Nema 6P (18m water 

over 30 m1n) with assembled cable with reference a1r 
feed or M12 plug (with absolute sensor) 

Interference em1ss1on to EN 61326 electrical 
eqUipment 8, 
Interference 1mmunity to EN 61326 Annex A 
(industrial) and NAMUR Recommendation 
EMC (NE21). 
Interference influence to EMC· 0 5% 
Twin-core, tw1sted and screened cable 
recommended 

PMC/PMP 41:-40. +85°C (-40 ... +185°F) 
PMC/PMP45·-40 .+125°C(-40 .. +257°F) 
PMP 46/48 depends on maximum permissible 
temperature of diaphragm seal filling liquid and on 
d1aphagm diameter, see Tl 322P. 
For Ex-dev1ces see safety instructions XA (ATEX) or 
Control Drawing ZD (CSA or FM). 

PMC 41, PMC 45, PMP 41. 
Please note the temperature limits of seals used. 

PMC 45, PMP 45 
Cleaning temperature for Cerabar M flush-mounted 
+ 150°C ( +302°F) for max. 1 hour. 
Diaphragm seal with temperature spacer and 
high-temperature 011: max. 350°C ( +662°F). 
PMC 41, PMC 45, PMP41 
Please note the temperature limits of seals used 
-see page 43 

See nameplate. 
Observe pressure-temperature derat1ng. 

Stainless steel (Type F15) or alum1mum (Type F18) 
Opt1onal electrical connection 
- Cable gland M 20 x 1.5 
-Cable entry Pg 13.5, G Y2, Y2 NPT, 
- Hart1ng plug (Han?D) or plug M 12 x 1 
- Permanently attached cable with reference a1r feed 

All common thread vers1ons, flush-mounted 
connections, flanges and diaphragm seal variants 

Endress+ Hauser 
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• 1) Seals Temperature 
limits 

1 FKM, Viton -2o•c (-4•FJ 

6 FKM, Viton -1o•c (+14.F) 
grease-free 

A FKM, V1ton -1o•c (+14"F) 
oil and to 2) 
grease-free 
for oxygen 

2 NBR (FDA) -20 •c ... +80 ·c 
{ -4"F. + 176°F) 

7 FFKM, +5•c (+41.F)) 
Kalrez 
compound 
4079 

c FFKM -1o ·c (+14"FJ 
Chemraz 

4 EPDM (FDA) -40"C (-40"F) 

l) from Cerabar M order code 
2l Note the application lim1ts for 

oxygen (as per BAM list of 
non-metallic matenals) 

• Display and operating interface 

Power supply 

Certificates and approvals 

• 
Endress+ Hauser 

7 Technical Data 

Materials 

Hous1ng Sta1nless steel 1 4404 (AISI316L), Ra < 0 811m or 
die-cast aluminium housing with protective 
polyester-based powder coat 

Onng stainless steel hou~:~~ I = ~i~7on 
aluminium housi R 

Nameplate stainless steel housing 
aluminium housing 

Process connections PMP41 
PMC 41 

PMP 45, PMC 45, PMP 46, PMP 48 

Process diaphragm PMC41. PMC 45 

PMP 41, PMP 45, PMP 46 
PMP48 

Coupling nut 

Seals 

Mount1ng accessones 

Filling fluid 1n diaphragm seals 

Measuring cell 

PMC 41. PMC 45 
PMP 41 , PMP 46, PMP 48 

PMP45 

Display 

Supply voltage 

Overvoltage category 

Ripple 

Ignition protection 

CE Mark 

Pressure equipment directive 

1 -engraved on hous1ng with laser 
- 1 4301 (AISI304) 

- 1.4435 (AISI316L), adapter 1 4435 (AISI316L) 
- 1.4435 (AISI 316L), Alloy 2 4819 (C276) 
- 1.4435 (AISI 316L) 

- AI203 alum1mum ox1de ceramic (FDA-conform) 
(PMC 41:96 %; PMC 45: 99 9 %) 

- 1.4435 (AISI 316L) 
-Alloy 2.4819 (C276), Tantalum, 

PTFE film on 1.4435 (AISI 316L) 

1 4307 

See adjacent table 

Mounting bracket for pipe and wall mount1ng 1 4301 
(AISI304) 

Silicone oil, vegetable oil (FDA-conform), glycerine, 
high-temperature oil, Fluorolube 

- None. dry cell sensor 
- Optional silicone oil or 1nert oil (Voltalef) for 

oxygen or vegetable oil (FDA-conform) 
-Vegetable oil (FDA-conform) 

Pluggable digital display w1th four-digits pressure 
display and bargraph With 28 segments. 

11 5 45Voc 
Ex 1a: 11 5 ... 30 Voc 

II to DIN EN 6101Q-1 

No effect for 4 .20 mA signal up to ±5% res1dual 
ripple within perm1ss1ble range. 
W1th HART communicator and Commubox 
max ripple (measured on 500 n) 47 125Hz: 
Upp=200 mV 
max noise (measured on 500 0) 500 Hz 10kHz: 
Uen=2.2 mV 

See chapter ·Notes on Safety'. 

The device meets the legal requirements of the EC 
directive Endress+Hauser conf1rms that the dev1ce 
has been tested successfully by attaching the CE 
mark. 

- This dev1ce conforms to Article 3(3) of 
EC Directive 97/23/EC (pressure equipment 
d1rect1ve) and is developed and produced in 
sound engineering pract1ce. 

- PMP 46 with pipe diaphragm~ DN40/PN40· 
Suitable for stable gases in Group 1 (Pressure 
Equipment Directtve Category II) 
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7 Technical Data 

PMP48 
Dimension A 
Stainless steel housing: 287 mm 
Aluminium housing: 300 mm 
(see also Tl 322P) 

. Conversion factors 
1 mm = 0.039 in 
1tn= 25.4 mm 

44 

Cerabar M HART 

7.1 Maximum mounting space 

The dimension indicates the max. mounting space of Cerabar M (with high housing 
cover for the digital display) 

PMC41 
Dimension A 
Statnless steel housing: 155 mm 
Alumtnium housing: 160 mm 
(see also Tl 321 P) 

PMP45 
Dimension A 
Stainless steel housing: 167 mm 
aluminium housing: 172 mm 
(see also Tl 321 P) 

< 

PMP41 
Dimension A, diaphragm flush· 
mounted 
Stainless steel housing: 145 mm 
Aluminium housing: 150 mm 

Dimension A, dtaphragm internal 
Stainless steel housing: 185 mm 
Aluminium housing: 174 mm 
(see also Tl 321 P) 

PMC45 
Dimension A 
Stainless steel housmg: 17 4 mm 
Aluminium housing: 180 mm 
(see also Tl321 P) 

< 

PMP46 
Dtmension A: Diaphragm seal 
Stainless steel housing: 268 mm 
Alumtnium housmg: 265 mm 

Dimension A: Pipe diaphragm seal 
Stamless steel housmg: 289 mm 
Aluminium housing: 294 mm 
(see also TI322P) 

Endress+ Hauser 
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Cerabar M HART 

8 Operating Matrix 

HO H1 H2 H3 
VO Measured Set Set Confirm 

value 4mA 20mA 4mA 
Basic aut om. 
calibration 

V1 
V2 Diagnostic Last 8011/8012 
Transmitter code diagnostic Software 
infonnatlon no. 

V3 ... V6 

V7 Current Off S1mulate Off 
Sensor display Simulation current Current 
data output 

m1n 4 mA 

VB 
V9 
Service 

VA Measunng System User text Serial 
Com- point 1dentifica- number 
munication tion 

Display field 

This matrix gives a summary of factory settings. 
You can also enter your values here. 

IHo IH1 IH2 jH3 
vo 1- loo I V7H7 1-
V1 
V2 I jo !)()()()( I 
V3 ... V6 

V7 1- I OFF 1- I OFF 

VB 
V9 I I I I 
VA 1-1- I I 

Endress+ Hauser 

8 Operating Matrix 

H4 H5 H6 H7 H8 H9 
Confirm Set Confirm Set Select Select 
20 mA Bias Bias output safety pressure 
autom pressure pressure damp1ng MIN unit 

aut om o. 40s MAX 
CONTINUE 

Sensor Sensor Reset 
data no data value 

Low High Lower Upper Sensor 
Sensor Sensor measuring measuring pressure 
Calibration Calibration limit limit 

Pressure Security 
before locking· 
bias ,<130 
correction Unlocking 

device: 
130 
Release 
V2H7, 
V2HR333 

Serial 
number 
Sensor 

jH4 jHs IH6 IH7 IHB IH9 

I joo 1- 1oo I MAX. I bar 

I I I I I jo 

I I J- I l- jo 

I I I 1- l j130 

I I I I l I 
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Index 

Index 

! 
4 mA threshold 

A 
Application 

c 
Calibrating lower range value . 
Calibrating upper range value 
Calibration . . . . . 
Capillary tubing . . . 
Ceramic measuring cell 
Certain code . 
Cleaning ... 
Commissioning 
Commuwin II . 
Connection . . 

Commubox FXA 191 connection . . . 
DXR 275 Handheld terminal connection 

Current simulation . . . . . . . . . 

D 
Damping 
Diagnosis 
Display 
Display, mounting 

E 
Electrical symbols 
Electronic insert, changing 
Error codes . . . . . . 
Errors . . . . . . . . 
Explosion hazardous areas . 
Explosion protection 

G 

.. 23 

6 

19 
20 
22 

9 
6 

21,26 
. 28 
4, 19 

17 
12 
14 
14 
26 

19, 21 
25-27 

16 
. 34 

5 
35-37 

25 
25 
4 
5 

M 
Maintenance 
Measuring system . 
Metal measuring cell 
Mounting accessories 
Mounting bracket . 

N 
Notes on safety 

0 
Operating elements . 
Operating matrix . 
Operating principle 
Operation . . . 
Output with error 

p 

CerabarM 

28-39 
6 
6 

11 
11 

4 

15-16 
17,45 

6 
4, 15-18 

. .. 23 

Position calibration, display (bias pressure) 22 
Pressure unit . . . . 21 
Process seal, changing . . . . . . 37 

R 
Reference pressure . 
Repair ..... . 
Reset . . . . . . 
Resetting to factoring setting (Reset) 

s 
Sensor data, entering 
Sensor, changing . . 
Short operating instructions . 
Software history 
Spare parts 

T 

. . 22 
28-39 

26 
. . 21 

36 
37 

2 
2 

29-33 

Graphic operation . . . . . . . . . . . . . 17 
Technical data 
Temperature spacers 

40-44 
9 

I 
Information on measuring point 
Installation . . . . . 
Installation instructions 

L 

u 
24 Universal HART Communicator DXR 271 

4 Unlocking . 
7 Usage 

w 

18 
23 

4 

Locking . . . . . . . . . . . . . . . . . 23 Warnings . . . . . . . . . . . . . . . . . 25 
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Declaration of contamination 

Dear customer, 
Because of legal determinations and for the safety of our employees and operating equipment we need this 
"Declaration of contamination" with your signature before your order can be handled. Please put the completely 
filled in declaration to the instrument and to the shipping documents in any case. Add also safety sheets and/or 
specific handling instructions if necessary. 

type of instrument I sensor: 

medium I concentration: 

cleaned with: 

Warning hints for medium used: 

D D D D 
radioactive explosive caustic poisonous 

Please mark the appropriate warning hints. 

Reason for return: 

Company data: 

company: 

address: 

serial number: ________ _ 

D 
harmful to 

health 

temperature: pressure: 

conductivity: __ viscosity: 

D D 
biologically inflammable 
hazardous 

contact person 

department: 

phone number: 

fax I e-mail: 

your order no.: 

D 
safe 

I hereby certify that the returned equipment has been cleaned and decontaminated ace. to good industrial prac
tices and is in compliance with all regulations. This equipment poses no health or safety risks due to contamination. 

(Date) 

More Information about services and repa1rs: 
www.services.endress com 

(company stamp and legally binding signature) 

Endress+ Hauser 
The Power of Know How 



Europe 

Austria 
a Endress+Hauser Gas m.b.H 
Wten 
Tel (01) 88056..0, Fax (01) 88056-335 

Belarus 
BeiOIJISintez 
Minsk 
Tel. (01 7) 2 5084 73. Fax (017) 2 5085 83 

Belgium I Luxembourg 
u Endress+Hauser N V 
Brussels 
Tel. (02) 2480600. Fax (02) 2480553 

Bulgaria 
lntertech~Automat:lon 
Sofia 
Tal (02) 9627152, Fax (02) 9621471 

Cnoatla 
a Endrass+Hauser GmbH+Co 
Zagreb 
Tel.(01) 6837785. Fax (01)6637823 

Cyprus 
I+G Elaclr1cel Servtees Co Ud. 
Nicosia 
Tel (02) 484788, Fax (02) 464690 

Czech Republic 
0 Endress+Hauser Czech s,r,c, 
Praha 
Tal. (02) 887842 00. Fax (026) 66784179 

Denmark 
Cl Endress+Hauser AIS 
Scborg 
Tel (70) 131132, Fax (70) 132133 

Eatonla 
E.lvf-Aqua 
Tartu 
Tel (7) 44 16 38. Fax (7) 4415 82 

Finland 
0 Metso Endress+Hausar Oy 
HelSinki 
Tel.(204)83160, Fax (204)83161 

France 
a Endress+Hauser S.A. 
Hunlngue 
Tel. (3 89) 69 67 88, Fax (3 89) 69 48 02 

Gennany 
a Endrass+Hauser 

Messtechnlk GmbH+Co KG 
Well am Rhein 
Tel (07621) 9 75-Q1, Fax (07621) 97&-555 

Great Britain 
CJ Endress+Hauaer Ud 
Manchester 
Tel.(0161)2865000, Fax (0161) 9981841 

Greece 
I & G Building Sennees A<ltometion S.A. 
Athens 
Tel (01)9241500,Fax(01)9221714 

Hungary 
:1 Endrass+Hauser Magyarorszag 
Budapest 
Tei.(01)4120421,Fax(01) 4120424 

Iceland 
Stndra-Sll!l hf 
Reykjavik 
Tel. 5750000, Fax 5750010 

Ireland 
w Aomeaco Endress+Hauser Ltd. 
Cisne 
Tel (045) 868615, Fax {045) 868182 

Italy 
0 Endrass+Heusar S.p.A 
Cemusco siN Milano 
Tel. (02) 92192·1, Fax (02) 92192-382 

latvia 
Elekoms Ltd. 
Rtge 
Tel. (07) 338444. Fax (07) 312884 

Lithuania 
UAB "AgiNB" 
Kaunas 
Tel. (03) 7202410, Fax (03) 7207414 

http://www.endress.corn 

a Membars ot the Endress+Hauser group 

BA 201 P/00/en/12.03 
52022183 
CCS/CV5 

Netherlands 
:J Endrass+Hauser B. II. 
Naarden 
TeL (035) 5958811. Fax (035) 6958825 

NO"'!&y 
.J Endress+Hausar AIS 
lierskogen 
Tel. (032) 859850, Fax (032) 85985! 

Poland 
:J Endress+Heuser Polska Sp. zoo. 
Wroclaw 
Tel. (071) 7803700, Fax (071)7803700 

Portugal 
:J Endress+Hausar lda 
Cacem 
Tal. (219) 4267290 Fax (219) 428729& 

Romania 
Romconseng S.R L 
Bucharest 
Tel. (01) 4101634, Fax (01) 4112501 

Russia 
::J Endress+Hauser GmbH.Co 
Moscow 
Tel. (095) 158 7564, Fax (095) 7848381 

Slovak Republic 
Transcom Technlk s.r.o. 
Bratislava 
Tel (2) 44888690. Fax (2) 44887112 

Slovenia 
J En-Hauser 00.0. 
L.jutijane 
Tei.(01) 5192217,Fax(01) 5192298 

Spain 
J Endress+Hauser S.A 
Sant Just Desvem 
Tel (93) 4803366, Fax (93) 4 733839 

Sweden 
::l Endrass+Hauser AB 
Sollentune 
Tel (08) 55511600, Fax (08) 55511655 

Swilzerlend 
::l Endrass+Hauser Memo AG 
Remech/BL1 
Tei.(061) 7157575, Fax (061) 7111650 

;t;:::,';t,dOs!liyel Olcii ve 
l.ellentllstanbui 
Tel (0212)2751355, Fax(0212)2882775 

Ukraine 
Photonlka GmbH 
K1ev 
Tel. (44) 2688102, Fax (44) 2690905 

Yugoslavia Rep. 
Meris d.o.o. 
Beograd 
Tel (t1)44412966,Fax(11)3085778 

ii,,~ $@i£:1¥#§4'iikM@k§i! •WiQ\W4iuv &W sm 

Africa 

Alger1a 
Symes SyGlemes et mesures 
Annaba 
Tel. (38) 883003. Fax (38) 883002 

Egypt 
Anas•a Egypt For Trading S.A.E 
HeltopoiiSJCalro 
Tel (02)2884159, Fax (02)2884169 

Morocco 
Oussarna S.A. 
Casablanea 
Tel. (02} 22241338, Fax (02) 2402657 

Souti!Afrioa 
::l Endrass+Hauser Pty.Ltd. 
Sendton 
Tei.(011)2628000. Fax (011)2628082 

Tunisia 
Controls, Me.lntenance et Regulation 
TuniS 
Tel (01) 793077, Fax (01) 788595 

America 
Argentina 
::l Endrass+Hauser Argenbna SA 
Buenos A:res 
Tel. (11) 45227970, Fax (11) 45227909 

06.02/PT 

Bolivia 
Tntec S.R.L 
Cochabamba 
Tel. (04) 4258993. Fax (04) 4250981 

Brazil 
:J Samson EndraSS+Hauser Lilla 
Sao Paulo 
Tel (011) 50313455, Fax (011) 50313067 

Canada 
::l Endress+Ha"""r Ud. 
Burltnglon, Ontano 
Tel. (905) 6819292, Fax (905) 6818444 

Chile 
:J Endress+H81Jser Chtle Ud. 
San11ago 
Tei.(02) 321-3009, Fax (02) 321-3025 

Colombia 
Colseln Ltda 
Bogota DC. 
Tel. (Ot) 2367659, Fax (01) 6104186 

Cosla Rica 
EURO-TEC S.A. 
San Jose 
Tel 2202808, Fax 2961642 

Ecuador 
I~Cta.ll!la 
OuHD 
Tel (02)2289148,Fex(02)2461833 

Guatemala 
AutDmaliZI!Cion Y Con1rollndustnl!l SA 
Cludad de Guatemala, C.A. 
Tel. (03) 345985, Fax (03)327431 

Mexico 
:J Endress+Hauser S.A.oe C. II. 
Mexico, O.F 
Tel. (5) 55568-2407, Fax (5) 55588-7459 

ParagtJay 
lncoel S R L 
Asunaon 
Tel (021) 213989, Fax (021) 226583 

Peru 
Process Control S.A 
Lima 
Tel. (2) 610515, Fax (2) 612978 

USA 
::l Emiress+Heuser lne 
Greenwood, lnd18na 
Tel. (317) 535-7138, Fax (317) 535-8498 

Venezuela 
Controvel C.A. 
Caracas 
Tel. (02) 9440966, Fax (02) 9444564 

Asia 

Azerbaijan 
Modcon SyGtems 
Baku 
Tel. (12) 929859, Fax (12) 929859 

China 
:J Endress+Hauser Shanghat 

lnslrumentaton Co Ltd. 
Shanghai 
Tel (021) 54902300, Fax (021) 64902303 

J Endress+Hauser Battin 
lnstrumentabon Co. Ud 

Belttn9 
Tel. (0 tO) 65982488, Fax: (0 1 O) 65881725 

Hong Kong 
:J Endress+Hauser H.K Ltd. 
Hong Kong 
Tel. 85225283120, Fax 85228854171 

India 
:J Endress+Ha"""r (India) Pvt. ltd 
Mumbat 
Tel (022)8521486, Fax(022)8521927 

Indonesia 
PT Grama Bazlla 
Jakarta 
Tel.(21) 7955083, Fax (21) 7975089 

Japan 
:J Sakura Endress Co Ud 
Tokyo 
Tel. (0422) 840611, Fax (0422) 550275 

Malaysia 
a Endress+Hauser (M) Sdn. Bhd. 
Shah Alam, Selangor Oarul Ehsan 
Tel (03) 78464848. Fax (03) 78488800 

Pakislan 
Spaedy A<!tomation 
Karachi 
Tei.(021) 7722953, Fax (021) 7735884 

Philippines 
0 Endress+Hauserlnc. 
Paslg CHy. Mstro Manila 
Tel (2) 6381871, Fax (2) 6398042 

Singapore 
0 Endress+Hauser (S.E A.) Pla .. L!d. 
Stngapore 
Tel (65)668222, Fax (65) 668848 

South Korea 
0 Endress+Hauser (Korea) Co .. Ud. 
Seoul 
Tel (02) 6 58 72 00, Fax (02) 6 59 28 38 

Taiwan 
Klngja~ Corporation 
Tatpel 
Tel. (02) 27183938, Fax (02) 27134190 

Thailand 
u Endress+Hauser Ud. 
Bangkok 
Tel.(2) 9967611-20, Fax (2) 9967810 

Uzbeklslan 
lm MexatronOke EST 
Tashken1 
Tel (71) 1167316, Fax (71) 1167318 

Vietnam 
Tan 1/tet Bao Co. Ltd. 
Ho Chi Minh CHy 
Tel (08) 8335225, Fax (08) 6335227 

Iran 
PATSA lndusty 
Tehran 
Tel (021) 8728869, Fex(021) 6747761 

Isreal 
lnstrumetries lndustnel Control Lid 
Netanye 
Tel (09)8357090, Fax (09) 8350619 

Jonlan 
A P Parpas Engineering SA 
Amman 
Tel (06) 5539283, Fax (06) 5539205 

Kingdom Dl Seudl Arabia 
Anasla lnd Agencies 
Jeddah 
Tel (02) 6710014, Fax (02) 6725929 

Lebanon 
Network Engtnearing 
Jball 
Tel. {3) 944080, Fax (B) 548036 

Sultanate Dl Oman 
Mustafa Sultan Science & Industry Co. L.L.C. 
Ruwi 
Tel-602009, Fax807086 

United Arab Eml...
Oescon Tracing EST, 
Oubal 
Te1.(04)2653851, Fax {04) 2653264 

" th #@# 8 j#§§4i ht:±ek#f 53 4£#1 

Australia + New Zealand 

Australia 
a EndreSS+Hauser PTY.Ltd. 
Sydney 
Tel (02) 88777000, Fax (02) 88777099 

New Zeeland 
EMC lndustnal Group UmHed 
A<lcldand 
Tel (09) 4155110, Fax (09) 4155115 

&4#M&i¥ffi& *ffif#MM9'4§ll1 

All other countries 

0 Endress+Hauser GmbH+Co.KG 
lnstrumen!S lnlllmallonel 

Well em Rhein 
Germany 
Tel (07621) 975-02. Fax (07621) 975-345 

Endress+ Hauser 
The Power ol Know How 
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PROJECT: GROUNDWATER TREATMENT PLANT 

CUSTOMER: W. A. RASIC CONSTRUCTION NO. 
CUSTOMER JOB NO.: A 

PLANT: B 
LOCATION: 

1. 1YPE: DIRECTRDG. [!] 3 ·151.8 RECEIVER D 
O'DIER 

2. MOUN'IlNQ: SURFACE liJ lOCAl. l.il FWSH 0 
3. DIAL: J)IAMEl'EII ___u:__ COLOR !llflillE 
4. CASE; CAST IRON 0 AI.UMINUM 0 PHENOl l.il 

OTHER 

' RING. SCREWED 0 HINGED 0 SUP 0 STD lil 
O'DIER 

s BLDW.OUT PROTECTION: NONE 0 I!ACI( 0 DISC 0 
SOUOFI'IONT l.il OTHER 

1 lENS> GLASS lXI PI.AST1C! 0 
a. OPTIONS: SYlPHON 0 MA'!ERW. 

SNUBBER 0 
PRESSUREIJMlT VALVE 0 
MOVEMENT DAMPIIIG 0 

e. NOMINAL ACCURACY RJEOUJREil' %11.1% 

REV. QUAN. TAG NO. RANGE OPERATING 

PSIG PRESSURE, PSIG 

A 1 Pl-201 0..30 1D 

A 1 Pl-231 D-60 20 

NOTES: ... VENDOR TO CONFIRM MODEL NO. 

SPECIFICAllDN FORMS FOR PROCI!SSioiEASURMENT AND CONTROl. 
INSTIIUMEI!ITII, PRIMARY ELSMii.HTll AND CONTROl. VALVES 

SHEET 1 OF 
PRESSURE GAUGES 

SPEC NO. 
BY DATE REVISION 
EIS 7/21/08 FOR APPROVAL CONTRACT 
EO 11121/08 FOR APPROVAL 

REQ. P.O. 

BY I CHK'D 

10. MFR. & MODeL NO' REOTEMP Modeltl PT-41 
1\ PRESS. ELEMENT. I!OURDON l\JIIE l.il lleLLOWII D 

OTHER: 

12. ELEMENT I<ITI .. : BRONlE D IITI!El 0 ....JlLss 
OTHER' 

n. Sc:lC.KET Mll..: BRONZE D STEEl. 0 .Jt.Lss 
OTHER 

1 

REV. 

DATE 

APPR. 

14. CONNECTlDN-NPT: 1141N D 141N. l.il OTHER: __ 

BOTTOM [i] BACK 0 
15. MOVEMENT. BRONZE D ss l.il NYLON D 

OTHER 

18. DIAPHRAGM SEAL 

MFG. TVPE 

WETTED PART MTl- OTHERMTl-

FlU.Fl.UID 

PROCESS CONN, GAGE CONN. 

PART NUMBER SERVICE 

PT -45-P·1-A-2..P16-0 INLET PRESSURE TO AIR STRIPPER 

PT -45-P-1-A-2..P17 -D DISCHARGE PRESSURE OF PUMP PMP-230 

1. VENDOR SHALL ATTACH A STAINLESS STEEL NAMEPLATE, STAMPED WITH TAG NO. 

ISA Fonn S20.41a 
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~ REO TEMP Instrument Corporation 
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Table of Contents 

Established in 1965 and located in 

San Diego, California, REO TEMP 

Instrument Corporation is recognized as a 

fJil 
l!JJ 

leading manufacturer of pressure and temperature 

instrumentation. REO TEMP provides bimetal 

thermometers, pressure gauges, diaphragm seals, 

RTD's, thermocouples, and related accessories to a 

variety of process markets worldwide. Recognized 

for high quality products, exceptional customer service, . 

on-time deliveries and innovative engineering services, 

REO TEMP is an ISO 9001 certified manufacturer. 

Ph (800) 648-7737 Fx (858) 784-0720 sales@reotemp.com www.reotemp.com 
1 0656 Roselle St. San Diego, CA 92121 
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PRESSURE GAUGES GENERAL SPECIFICATIONS 
~"'L..-:rilli,%::::;::; .. ~~·-·· 

REO TEMP Pressure Gauges, manufactured under ISO 900 I 

quality standards, are offered in a wide variety of sizes, ranges, and 

configurations to meet the demands of any application. From the 

most rugged process gauges to the cost effective general purpose 

gauge, you can count on REOTEMP pressure gauges for long and 

reliable service. 

General Specifications: 

Dials: Aluminum, black figures on white background. Custom dials, logos, etc. are available - consult factory. 

Dial sizes: 1.5", 2", 2.5", 3", 3.5", 4", 4.5", and 6" dials are standard. 

Pointers: Balanced black aluminum pointers are standard on most models. Adjustable pointers are standard on 
series PR and PT, and are available on certain other models. 

Windows: Glass, plastic, laminated safety, and tempered glass are available. 

Casrs: Case materials are black steel, stainless steel, phenolic and ABS plastic. Series PC, PD, PH and PL cases are 
intended for dry service; all other cases can be filled at the factory, or in the field. Series PT features solid 
front design, which provides maximum safety with a solid wall between the window and the Bourdon tube. The 
entire rear of the case is designed to blow out and provide pressure relief should the Bourdon tube fail due to over 
pressure, corrosion, or fatigue. 

Movements: The movement is the heart ofthe pressure gauge; its function is to accurately position the pointer in 
response to movement of the Bourdon tube. Reotemp movements are designed for smooth movement, low friction, 
and minimal play. Reotemp movements use high precision gears and low friction bearings to enhance perfonnance, 
reduce hysteresis, and provide long-term accuracy and reliability. The effects of vibration on the movement can be 
reduced by liquid filling of the case, which both dampens movement, and lubricates contact points. For 
dry gauges, a special silicone dampened movement can be installed. 

Bourdon Tubes: To suit a variety of media applications, Reotemp Bourdon tubes are available in phosphor bronze, 
AISI 316 stainless steel, and monel. lfthe process fluid is not compatible with any of these materials, a chemical 
(diaphragm) seal may be necessary. Reotemp Bourdon tubes undergo special heat treating to reduce hysteresis effects, 
relieving localized stresses in the solder or weld zones and enhancing long-term accuracy of the gauge . 

. _-:·<,- , _ _,.:~:)\ ... :;·!:':{)t<·:-~j-~~\~,.:.::;\i~'·'~::fr· 
war~a.,~: REOTJ.i'~!~;~~~:al·r.~te~~~~~l' · 
workmauship or n;a:tef}~Th-,Jri3e.\:nor~at'. -. · . -

•' ' :.: I,·, ,--, ·:·~· •:;_ \.~<f~..'~:i~·~->:·,··.• ~;. ,· 

'Reotemp's ~i~~.ill~X is_::1W1H~~w X~!MF~~t~~~i:!l~ 
This warrpP.ty.doe~ .. x!~~g<ty: -· . '. ··' ' ~" . 

__ ~naterial~ ... ~po~~~:fci;:- · . ' 
vibratiOh;·O~ fot:tt~:. , 
'in lieu ofiny ot~~t :;01\n:~~iy ' 

. any <!ireot Or ~.;.,..qu~~;~~~~~f$f ''i~f:i',;~~,;\,t~;:;f'i:t!\~· · 
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REOTEMP PRESSURE PRODUCTS 

APPLICATION INFORMATJON 

WARNING: All gauge components should be selected after consideration of the pressure, temperature, and media 
characteristics, to prevent mis-application problems. Mis-application or improper installation can cause gauge damage 
or failure, which can result in damage to other equipment or personal injury. We suggest that users of pressure gauges 
become familiar with ANSI-B40.1 entitled "Gauges, Pressure and Vacuum indicating Dial Type- Elastic Element." 
This specification is available from American Society of Mechanical Engineers, website: www.americansocietyofme
chanicalengineers.com. 

To ensure safety, accuracy, and gauge life, good practice requires consideration of the following factors when select
ing a pressure gauge: 

Pressure Ranges: Reotemp Bourdon tube pressure gauges can measure pressures from full vacuum to 40,000 psi. 
Generally, a range of twice the working pressure is recommended, with maximum working pressure not exceeding 75% 
of the range. If pulsation occurs, working pressure should not exceed 65% of the range. Never use a gauge at pres
sure greater than the maximum range on the dial. Pounds per square inch (psi) ranges are standard, and several alter
nate single and dual ranges are available (see Ranges, p. 14). 

Pressurized Fluid Properties Composition: All pressure gauge components should be selected to suit the character
istics of the fluid being measured. For steam service, a siphon is required. For corrosive chemicals, stainless steel 
(or monel) wetted parts, or a diaphragm seal should be considered (monel wetted parts are available on special order). 
For fluids that solidify or leave deposits, a diaphragm seal should be considered. For oxidizing fluids, no oil should 
be present. 

I'rocess Temperature: Gauges with stainless steel wetted parts have welded tube and socket, and will withstand 
750°F (400°C). Gauges with soldered copper alloy joints will withstand 150°F (65°C); with silver brazed joints, 
250°F (I 20°C). Maximum process temperatures should only be reached intermittently to avoid rupture, and may result 
in Joss of calibration or damage to other parts of the gauge. 

Ambient Temperature: Normal ambient temperature limits for Reotemp pressure gauges are -30°F to I 50°F 
(-35°C to +65°C) for dry gauges, and 23°F to J40°F (-5°C to +60°C) for glycerine filled gauges. Reotemp gauges 
are calibrated at 70°F (20°C). Change in ambient temperature causes +/-0.3% error per I8°F (10°C) rise/fall, 
respectively. Ambient error for Reotemp test gauges is +/-0.05% per+/-I 8°F (I 0°C), respectively. 

In very bot ambient conditions, a gauge can be remotely mounted using a diaphragm seal and/or capillary, to 
place the gauge in a cooler spot 

Moisture and Weather Effects: Case material should be chosen with atmospheric conditions in mind. For 
outdoor use, stainless steel or plastic cases are recommended. Case filling with glycerine can prevent con
densation in case. 

Severe Conditions: In applications involving severe pulsation, the use of snubbers and/or restrictors is 
recommended. Also, for vibrating or pulsating applications, liquid filling will help prevent wear and extend the 
service life of the gauge. Glycerine is the standard fill material. Also available (with special gasketing) are 
silicone and Halocarbon. Halocarbon, though quite costly, is recommended for service with oxidizing agents 
such as oxygen, hydrogen peroxide, chlorine, nitric acid, etc. 

Mounting Method: NPT connections are located in the center back ( 1-). lower back <I.), or bottom(.) of the 
case in most models. Rear flanges (also known as "back flanges" or "wall flanges") are available for surface 
mounting. For panel mounting, front flanges or "U" or "0" clamps are available. Special threads (BSP, Metric, SAE) 
are also available; consult Reotemp Customer Service. All Reotemp pressure gauges should be mounted in the 
upright position. 

Accuracy: Gauges are available with accuracies from +/-0.25% (ASME grade 3A ) to +/-3/2/3% (ASME grade B). 
Percent accuracies are expressed as percent of full scale. As a rule, higher accuracies are found in larger gauges, and/or 
reflect more costly components. 
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4'1" PROCESS GAUGES 

• Solid Front I Blowout Back 

• All Stainless Steel Internal Parts 

• Adjustable Pointer 

• Glycerine Filled or Drylfillable 

• Repairable 

Specifications 

Case: "Phenolic" (Fiberglass Reinforced ThEll'ITioplastic) 
Solid Front, Blowout Back 

Ring: Fiberglass Reinforced TheiTlloplastic 
Saewed Ring, Removable 

Lens: Tempered Glass 

Dial: Aluminum, Black Figures on White Background 

Pointer: Adjustable, Aluminum, Black 

Wetted Parts: 316 St. Steel with Restrictor screw 

Temperature: Ambient 0 to 150"F (Glycerine Fnled) 
Process: -30 to 400"F (Dry) 

Accuracy: 0.5% Full Scale 

!!P...n:.!icf! t}_QJ1~ 
Reotemp Series PT · Process Gauge is 
designed to withstand corrosive atmospheres 
and media, pulsation and vibration; a. very 
rugged gauge engineered for the· process 

.. industries. ·. The solid front/blowout .back 
provides a high degree of user safety. - · 

·. SERIEs·PT 
~ 

How To ORDER 

PT- ~-[IID-[Jd-~-[AJ-~-~ 
------------ ---- ~ I -----Dial: 

45 = 4.5" 

' -· 
.,•, 

•, ,. , . I 
' ~ .: : 

... ·l . . 
. ; ~1 

l 
- l 

3=Monel 

Connection: 

., 4 = 114• NPT 

2= 112" NPT 

Options: 
• Custom I Logo Dials 
• Removed Reslrictor 

Screw 

• Chemical Seals 

Service Inspired, Quality Driven 

Filling: 
o = Dry (Fillable) 

G=Giycerine 

Olher fillS on request 

• Plastic Lens 
• Laminated Safety Glass 
• Flush Mounting Ring 
• 8eclric Contacts 
• Peak Indicator 

9 
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I 
Z56 1 0.100 

M55 1 
M56 I 

1).400 
o-soo 

Below are codes lor standard pressure ranges. 
Many other ranges are available • consult REO TEMP 
or your REO TEMP distributor. 

CUSTOM RANGES 

We will draw a custom range lor your application • 
contact factory or your REO TEMP distributor 

examples: Tons on Ram 
Relngeration Scales 
Tank level 

~OTEMf =Tel~e-p~h0ne-.~~aoo~~~64~s~.,~,~3,=""'!'FAX~(a~58~>:"'!,~84~-~o,~2o!!!"'·-sa~-es€'reolem---p.-com-·-www--.reotem--p-.com-
1NsrRuMENTs 

• 

• 

• 



• 

+I- 0.5% f.s. 
+1- 1.0% f.s 

over 
(+/- 2% f.s. over middle 1/2 of scale) 
(+/- 3% f.s. over middle 1/2 of scale) 

Service Inspired, Quality Driven 
13 
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PD40B 

PC25N 

.PM40C 

PG25C 

PG35S 

PG40C 

P.R40S 

PR60S 

PA40A 

PS40S 

P~~os 

PL60 

REOTEMP PRESSURE PRODUCTS 
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DIAPHRAGM SEALS 
" . . . "'• - - ,.· ._ ' 

INTRODUCTION 
REOTEMP Diaphragm Seals (or Chemical Seals) use a 
flexible barrier, or diaphragm, to isolate a pressure sensor 
{gauge, switch, transmitter, or transducer) from adverse effects 
of the process fluid. 
Diaphragm seals are useful to: 
I.) Protect the sensor from the process media 
(corrosive, abrasive, viscous, or crystallizing media) 
2.) Protect the process from the sensor (sanitary process 
requiring clean-out, or high purity media). 
HOW IT WORKS: 
A diaphragm seal, when properly mounted to its sensor and 
filled, will accurately transmit process pressure to the instru
ment Pressure exerted on the flexible diaphragm is transmit
ted hydraulically to the instrument through the fill fluid, which 
fills the void between the diaphragm and the instrument, 
(including the bourdon tube, in the case of a pressure gauge.) 

APPLICATJON CONSIDERATIONS: The following 
should be considered when choosing a diaphragm seal: 
L Process Characteristics: Pressure, temperature, (see 

tables, this page) chemical compatibility and 
viscosity. 

2. Seal Mounting: Connection to process (threaded, flanged, 
clamped, in-line) Connection to instrument (usually 
NPT). 

3. Ambient Characteristics: Temperature, corrosive atmos
phere, etc. 

4. Instrument Considerations: Sufficient fluid displacement is 
required to drive instrument through its full range (this 
means, for example, you can't put a large gauge on a small 
seal); remote instrument placement requires a capillary 
connecting instrument to seaL 

5. Vacuum Considerations: High vacuums (over 25" Hg vac.) 
or vacuums with high temperatures require special fill 
selection, preparation, and procedures, as well as careful 
diaphragm selection. 

NOTE: Improper selection may result in system failure and 
possible damage or injury. REOTEMP can provide application assis
tance, but final compatibility is the responsibility of the buyer. Proper 
selection of seal can reduce or eliminale any additional system error 
caused by adding a Diaphragm Seal to your instrument 

SEAL TYPES: 
Standard Seals (pp 22-23}: include Threaded off-line, 

threaded in-line, and flanged off-line types in many 
materials for a variety of applications: 

Sanitary Seals (pg 28): are designed for food, pharma
ceutical and other sanitary applications. Available to fit most 
standard piping systems, including "Tri-clamp", ..... line, and 
others. For straight- thru and in-line sanitary seals with no 
crevices, see our lit #ILS. 

Mini-Seals (pg 27): are designed for low-displacement 
applications where size or economy are considerations. 

REOTEIVIP PRESSURE PRODUCTS 

SPECIAL DESIGNS: REOTEMP is ready to work with you 
on any high-performance diaphragm seal application, (that 
might exceed the stated limit below) such as high vacuum, 
high temperature, high sterility, custom design or high static 
pressure with a low differential span, or high vacuum with 
high temperature. 

Temperature Limits 

Pressure Limits 

MATERIALS: Lower housings: 316SS standard, with a large 
selection to suit a wide variety of applications (see Table 1, pg. 23) 

Diaphragms: Standard metal diaphragms are 
convoluted and made of 316SS. Many other materials are avail
able, for corrosion resistance or extra sensitivity. (See Table 6, pg. 23) 

Gaskets: Standard gaskets are teflon on the process side of 
diaphragm {grafoil for hi temp.), and viton on the fill side. Other 
materials are available. 

eR-E 0 TE Me TelephOne: 1800)648-7737 FAX (858) 7114-0720. sale5lli'reolemp.com. www.reotemp.com 
INSTRUMENTS 



,.:.' 

., 
~' 

·.· · THREADED FLUSH FACE SEALS . 

r-------D_im_en_s_io_n_a_I_D_ra_w_i_ng;;;._ _____ --:---, REO TEMP's Flush-Face diaphragm seals are 
useful in applications where a continuous flow of 
process across the diaphragm is required to prevent 
solids buildup. 

How To ORDER 
Minimum Recommended Pressure Ran e 
Gauges (psQ 

Transducers Dimensions (Inches) 
2 4" Process Diaphragm DveraU 

Conn. Diameter Length Width 

0·15 0-60 30 psi NPT "D" .,. "'lr 

Model Instrument Process Mar working 
Conn. Conn. Pressure (@1 OOF) 

DSFF21S 1/2" NPT 
1"NPT 1500 psi 

DSFF41S 1/4" NPT 
1" 1.125" 2.65" 1.75" 

0-60 N/A 15 psi 
3/4" .875" 2.47" 1.75" 

DSFF23S 112" NPT 
314" NPT 2500 psi 

DSFF43S 1/4" NPT 

DSFF42S 1/4" NPT 1/2" NPT 5000 psi D-100 N/A 100 psi 112" .675' 1.43' .JJ75' 

DSF4G1S 1/4" NPT 1" BSPP 8000 psi Q-30 0-60 1" BSPP .980" 1.62" 

"Note: Use largest diaphragm possible. for smallest temperature effect. 

. SERIES PLS-

PLS1-

• Teflon Diaphragm 

• Isolate Pressure Instruments 
from Corrosive Media 

PLASTIC SEALS 
~ - ..,..,. -

• High Chemical Resistance REO TEMP's Series PLS Plastic Seals 

• Upper housing Is glass filled 
polypropylene 

• Heavy Duty Design for Safety 

allow pressure gauges, switches, or transmitters 
to be used in corrosive applications compatible 
with wetted materials. 

• Ideal for waste water treatment How To ORDER 

Lower Housing: 

Z=PVC 
P=Polypropylene 

Options: 

K=Kynar (PVDF) -Pressure Gauge 
-~-;p;jiiNi:ii~MViiPI~•t;;M;;\wfJJpp-·-r~;;;;;ii;:;;;~ ·Gauge mount & 

at 170' F fill (glycerin or silicone) 

461176" F 

22/248" F 

21 
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25 - for 1/2", 3/4" pipe size 
(1" in size 6) 

26- Same as 25, with flush port ._ 
• • , : ;.-=-::.·-··: •• • ?'·~. ·~:-n.s~~t~\:::;.f;( ~~:.~~"3Rf.:t-t:~·~.,;.;~-~- t'F:i=J7-1.1~\.· ..... ~-=-~:t..!;;-:r.~:t<.: ~J~ 

~: ~ 

~; 30 - for 1 1/2" pipe to 3" pipe size 
.o· (1" in size 5) 
;-~~ 
5;: 31 - Same as 31, with flush port .; 

~ -' -' ~ ' ~ 



.E.Yl!.Q 
Silicone, DC 200 
Silicone, DC 704 
Silicone, DC 710 
Neobee M~20 

INSTRUMENT 
FLANGE 
(or Upper 

4 BollS hold ftanges together--
(Extra balling for high -...... 
pressure avml.) 

Diaphragm Gasket (or weld) -
seals diaphragm to upper 
housing 

PROCESS GASKET 
11Bal8 lower housing 
(wetted) 

TEMPERATURE LIMITS 
-50 to 450° F 
+50 to 600" F 
+30 to 1oo• F 
-4 to 320" F 
+30 to 300" F 
-40 to 400" F 

Conllnuous duly· 
helps contain process 
if instrument is removed. 

FlU/Bleed poJ1 

Cleanout feature • snap-In
diaphragm alloW!i removal of 
process ftange wllhout 
loslng Instrument ftll 

1~1 

........,_ ~PROCESS 
Flexible belrier CONNECTION 

Optional FlUShing Conneclion 
(or Flush Port)·lllls option 
allOW!i flushing or bleeding 
of area below dlaphregm 

(welted part) 

44 
500 
10 

1110 
6 

our standard fill J w:;tto oo 
Hi-temp fill used IWil 

Hi-temp fill 
f d such as 
oo grade ch/onoe. 

for food; not recomm. for capilla DXy!Jen. ate. 

inert, for use with oxidizers 
(must not contact AI, Mg) 

• 

23 
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FLUSHFACE.··· . . · 
FLANGEDSEALS··. 

REO TEMP's Flush-Face diaphragm seals are useful in 
applications where a continuous flow of process across 
the diaphragm is required to prevent solids buildup, and 
a one-piece, all-welded cons~ruction is desired. 

• Flange type with bolt holes 
• Seal is bolted to raised-face flange in process 
• Center instrument exit 
• Instrument can be mounted directly or 

connected via capillary 
Instrument or 

• Ideal for gauges, transmitters, or dP transmitters 

A--:1 
~· ... -l 
~ ~ 

Table@ 
Process/ Instrument Connection Codes 

Process Connection Instrument Connection 

114" NPT 112u NPT Welded 
Ca lila 

ANSIRFF 

1" V21 V22 W22 
1 112" V41 V42 W42 

2'' 150# V51 V52 W52 
3" V61 V62 W62 
4" V71 V72 W72 

1" V23 V24 W24 
1 112" V43 V44 

2" 300# V53 V54 
3" V63 V64 
4" V73 V74 

1 112" V45 V46 W46 

2 600# V55 V56 W56 

3 V65 V66 W66 

Other confi{Jurations available - caU lactory. 

How To ORDER 
Seal type 

M9 I BFI 
BF= Std. 

Seal (body is Wetted) 

BRF =Integral face/Diaphragm 
(Body material is not wetted) 

Flange Process 
Connection 

I ~D (Oiap~~ I 1 
1- C (Face) -] 

-Wetted Material-

Table@ Dimensions (inches} 
Process Connection A a• c D 

(ANSIRFf) (nominal) 

1 112" 5.00 .69 2.88 1.5 

2" 6.00 .75 3.62 2.4 
150# 

3" 7.50 .94 5.0 3.5 

4" 9.0 .94 6.19 3.5 

1 112" 6.12 .81 2.88 1.5 

2" 
300# 

6.50 .88 3.62 2.4 

3" 8.25 1.12 5.0 3.5 

4" 10.0 1.25 6.19 3.5 

1 112" 6.1 1.13 2.88 1.5 

2" 600# 6.5 1.25 3.62 2.4 

3" 10.0 1.50 5.0 3.5 

'Nole: For lnsel1 bOdy delllgn (lor Bl!OUC waUed parts), add .D31o "!!" 

Options 

D 
H =Handles 
(for flanges over 600#) 

Y = lnconel 600 
M= Monel400 
N = Nickel 200 
U =Tantalum 
J =Titanium 

24 cf!E Q TE M!!! Telephone: (800) 648-7737 FAX (858) 784.0720 • salesl!l'reolemp.com • www.reotemp.com 
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PANCAKE (WAFER) SEALS· 

• Flange type - no bolt holes. 
• Mounts between open process 

flange and cover flange 
Capillary conneellon

f~/114"NPT,orweldfllling 
1.0 

_L~~ 

I (See~le@l I 

• Instrument connected via side 
capillary connection 

• Ideal for gauges, transmitters, 
or dP transmitters 

M9 

H 

1 
1--E---J 

How To ORDER 
Diaphragm . Flange 

Style Size 

~-[JJ 

3 = 3" (150# to 2500#) 

4 = 4" (150#to 1500#) 

Flange 
Size "E" 

2" 1.9" 
3" 2.99" 
4" 3.7" 

Instrument 
Connection 

Diaphragm Body 
Material Material w-

"-.... 
wetted 

S = 316SS 
H = Hast. C 
M = Monel 
U = Tantalum 
J = Titanium 

(Note: Titanium dia .. 

• Standard & Custom Lengths 

• Ideal for highly viscous and 
dry powder applications 

• Eliminates dead space In piping. 

• Used for flush mounting in 
thick-walled vessels 

How To ORDER 

M9EXT 

RF Flange Size/ Welded Dlaph. Body/Face Flange 
Process Conn. Material Material Material 

~-~-lsl 
~ ~ ~-

S = 316SS 

Extension 
Length (H) 

H =Hast C276 

F=304SS 

M=Monel400 

C = Carbon Steel 

Other materials avalleble 

Service Inspired, Quality Driven 
25 
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! ' ISO - RING SEAL 
~ 

In-Line Flow-thru design 
Mounts between pipe flanges 
Ideal for waste water, slurries, abrasives 

• Tough but sensitive elastomer lining 
• Can mount multiple instruments on one seal 

L_ 

How To ORDER 

OR 

Flushing Ring 

End Flange 
Material 

DXFR 

Dimensions ISO.Ring 

Pipe Size 
Inner Flexible 

wall 

.. IRD: Instrument 
Removal Device· 
Permits easy removal 
of Instrumentation for 
calibration, repair, or 
replacement without 
the need to shut down 
process flow 

41 = 1/4" NPTF (one port) 

42 = 1/4" NPTF (two ports) 

21 = 1f.l' NPTF (one port) 

22 = 1 f.l' NPTF (two ports) 

w 
1 = Buna·N (up to 225• F) 

2 = Viton (up to 350• F) 

3 =Tenon (up to 350• F) 

4 ,. Silicone (up to 450· F) 

5 = White Neoprene (up to 225• F) 

6 = Natural rubber (up to 225• F) 

Stainless Capillary (2.omm i.d.) 
Instrument 

Fitting Seal Fitting Length Protection 

26 
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4M = 1/4" NPTM 

4F = 1/4" NPTF 

2M= 1f.l' NPTM 

2F = 1 f.l' NPTF 

W = weld filling 
(10mmdia.) 

c:B:E Q TEM E Telephone: 1800) 64a. 7737 FAX (856) 784..0720 • salesll!>reolemp.com • www.reotemp.com 
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MINI-5EALS are all-welded, gasketless, threaded off-line seals. The mini-seal is an economical 
choice for isolation of smaller gauges, or where high sensitivity is not required. 

4G 

6G 

4H 

T c 

l 
A 

1.73" 

2.25" 

2.0" 

B Min. Range 

1.5" 1.5" 0-100 psi 

1.95" 1.6" 0·15 psi 

1.75" 1.6" 0-100 psi 

TO ORDER: Tri..Ciamp type, 1/4" NPT conn., 31655 

1/2" 1/2" ILS-TCOS 7.87" 
3/4" 3/4" ILS-TC75 4.33" 
1" 1" ILS·TC10 4.33" 

1112" 1.5" ILS-TC15 4.33" 
2" 2" ILS-TC20 4.33" 
3" 3" ILS-TC25 2.36" 

HOW TO ORDER: 

@ 100" F 
6G - Std. volume with larger diaphragm, for up to 4 1/2" 

gauge. Max 1 ,000 psi 
4H • High Pressure, for up to 3 1/2" gauge. Max 5,000 

psi@ 100" F 

Instrument 
4 = 1/4" NPT 
2 = 1/2" NPT 

Process Connection (Female NPT): 
4 • 1/4" NPT 4M = 1/4" NPT Male 
2 • 1/2" NPT 2M = 1/2" NPT Male 

Material: 
S = 316 Stainless (Standard) 
H = Hastelloy C 
F = 304 Stainless 

REOTEMPIN-LINE SEALS are the solution to many 
difficult pressure measurement applications. These 
seals are designed to 3-A standards, and allow 
unobstructed flow-through of process media. 

Specifications: 

Pipe material: 316LSS 

Diaphragm Material: 316LSS standard 

Instrument 

Connections: 

Pipe connections: 

Pressure Limits: 

Pipe sizes: 
Filling Fluids: 

Leak checking: 

(other material available on request) 

1/4" NPT std., (1/2" NPT, BSP threads cooling 

element or capillary line available) 

Tri-clamp, (ANSI Range (or metric connection 

types avail. • consult factory) 

600 psi (other styles to 6,000 psi) 

1/2"to4" 
Glycerin, vegetable oil or any food -
compatible fluid 

All seals are helium leak tested 

27 
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REO TEMP provides many special-use or custom diaphragm seals. 
Consult factory for specific application assistance. 

• Welded In-Line 
Flow-Thru 

• 3" and Larger 
Process Pipe Sizes 

• 2.4" Diaphragm 

• Eliminates/ Reduces Process 
aoead-Legn 

• Available in Triclamp or Auto
Weld Styles 

• 316LSS ID-15RA, EP Finish 

• For High Pressures 

• 0.9" Dla. Diaphragm 

• Connections: Homogenizer, 
Flanged, Threaded 

• Tri-Ciamp sizes 1 112•, 2•, 3•, 
4" 

• "Treen mounting of multiple 
instruments on one seal 

• 2.0 .. & 6.0" Extensions 

• Weld Spud Available 

DIAPHRAGM SEAL OPTIONS AVAILABLE 

• Calibration Rings for Flanged Seals 

• Gold Plated Diaphragms 

• Low Volume Nipples 

• Capillary 

DIAPHRAGM SEALS 

• Sanitary Seal 

• 1 .s•, 2.0", 3.0° Sizes 

• Unobstructed Flow of Process 
• No Recesses or Constrictions 
• "ANSI" Flange Connections 

• Flow Meter Seal 
• Wedge Type Connection 

28 c:RE Q TE ME Telephone: (800) 648-7737 FAX (858) 784-0720 • sales@reotemp.com • www.reotemp.com 
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PRESSURE TRANSMITTERS 

REOTEMP TRANS-P LiNE Pressure Transmitters and Transducers *all convert applied 
pressure to an electrical signal that can be interpreted by a computer or other interpretive device, where it can 
be used to display or control a process variable. 

Output: Reotemp transmitters produce either a 4-20 rnA signal (the most common output), or a variety of 
voltage outputs, such as 1-5 VDC and 0-10 VDC (3 wire). 

Sensors: Piezoresistive diffused semiconductor technology is standard for pressures up to 300 psi. For higher 
pressures (up to 60,000 psi), sputtered thin film technology is used. These sensors are exceptionally stable, 
shock resistant, and durable. Our piezoresistive and thin-film sensors are made with no epoxies or bonding 
agents, virtually eliminating signal instability or drift. 

Unit Integrity: Sensor durability, along with mechanical integrity of the stainless case and all-welded process 
connection, produce a rugged instrument designed to provide consistent performance under severe industrial 
conditions. 

Accuracy: Accuracies from 0.5% to 0.025% are available. Each unit is temperature compensated to provide 
stable accuracy over large ambient variations and long periods of time. 

Ready to Go: Whether shipped alone or with a Digital Indicator, each Reotemp transmitter is inspected and 
calibrated prior to shipment to assure it is 100% "Ready to Go" right out of the box! 

Lame Tnmsmitter Stock: Reotemp stocks many transmitter models in a large variety of ranges, mainly with 4-
20 rnA output, because of their popularity. See the range table on page 39 for indication of our in-stock 
offering. 

*Transmitter or Transducer? ''Transmitter'' is often used when referring to a pressure sensor with variable 
current (rnA) output, whereas ''Transducer'' usually implies voltage output. For simplicity, we use the term 
"transmitter'' for all sensors offered in this catalog. 

Trademarks: These non-Reotemp trademarks are used in this catalog, and are the property of their respective 
owners: Teflon*, !so-ring*, Tri-Clamp*, In-line Seale, Hastelloy*, Neobee*, Hirschmann*. 

Service Inspired, Quality Driven 
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Consider the following issues to help you to choose the best pressure transmitter for your application: 

I. Special Needs: Series TG (general purpose transmitter) is a good choice for general industrial applications. For special 
needs or circumstances, other models will be more suitable: 

High Accuracy: Choose series TH for up to 0.1% accuracy (BFSL ). For reference, the standard TO 
accuracy is 0.5%.) 
Hazardous Environments: Consider series TX (intrinsically safe) or series TE (Explosion proof 
transmitters.) 
Total Submersion: Choose series TS. 
Clogging Media: Consider series TG mounted to a diaphragm seal, or series THF, which comes with 
flush diaphragm. 
Sanitary AppUcations: Choose series THS, which comes with sanitary Tri-clamp cormection. 
Low Cost: For OEM use, or for applications where low cost is a necessity, consider series TM. 
Local Indication: Consider DM3 digital meter, or XTDM-1 piggy-back display. 

2. Pressure Range: Choose a range that places your working pressure at 50% to 90% of the transmitter pressure range. 
Pressure spikes up to proof pressure will not harm the transmitter but may affect calibration; pressures beyond burst 
pressure will cause damage. 

3. Accuracy: Series TG, with 0.5% BFSL accuracy, and with 0.05% repeatability, suits many industrial applications. 
Higher accuracies (0.25% and 0.1 %) are available, generally at higher cosL 

*BFSL (Best Fit Straight Line) expresses maximum deviation from a straight line positioned to minimize 
maximum deviation. 

4. Output: Current output (4 mA to 20 rnA) is the most popular for industrial use because it is less susceptible to electrical 
noise and can be transmitted through copper wires up to thousands offeet with little signal loss. Several voltage outputs 
are also available, and are suitable for shorter distances. TYPical voltage outputs include 0-5 VDC, 1-5 VDC, and 0-10 
VDC. 

5. Process Connection: 1/4" NPT and 1/2" NPT are the most common connections in industrial process applications. In 
hydraulic applications, 7/16-20 UNF SAE male with o-ring seal is commonly used. For sanitary applications, Tri-Ciamp 
cormections on the THS series are available in several sizes, with I 1/2" triclamp the most common. Other process 
cormections, such as G 1/2, G I, and I /4"NPT female are available as well. 

6. Electrical Connection: All Trans-P series transmitters require wire hookup for both power and outpuL 4-20 mA output 
uses 2 wires, which carry both loop power and output signal (loop current). Voltage output usually uses three wires, with 
4 wires available. The standard Hirschmarm connector (Din 43650) in standard or mini size allows easy connection to 
2, 3, or 4 wires, with internal screw terminals and cable gland. Also available are integral cable (with or without 
1/2"NPT male conduit threads), bendix 4- and 6-pin, and Ml2 types, as well as a Hirschmann with l/2"NPT female 
conduit cormection. 

7. Severe Conditions: Reotemp Trans-P transmitters are rugged instruments intended for industrial use. However, 
temperatures, corrosion, vibration, or pulsation beyond operational limits should be addressed to prolong the life of the 
instrument: 

High process temperatures: Temperature at the instrument can be lowered by using a dead-leg 
extension. Using 1/4" stainless tubing, each 2 inches of extension will lower the process temperature 
about 1 OOF. For high temperature with clogging media, a diaphragm seal with capillary can be used. 
High Ambient temperatures: The instrument can be removed from the hot zone using piping, tubing, 
or capillary with a diaphragm seal. 
Corrosive media: A chemically compatible diaphragm seal can isolate the transmitter from the 
corrosive media. 
Pulsation: Pressure fluctuations in an incompressible fluid can cause damaging pulsation (such as 
water hammer). This is a common cause of failure in pressure transducers, and measures should be 
taken to avoid this condition. Use of a snubber or restrictor screw (threaded orifice) should be 
considered . 
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t GENERAL PURPOSE TRANSMITTERS 

• 0.5% or 0.25% accuracy, for general industrial use 

• All-stainless welded body and wetted parts CE 
• 4-20 mA or Voltage Output 

• Rugged, with protection from shock, over-range, & 

over-voltage. Internals potted in silicone gel. 

• Internal zero & span adjustments 

• Compatible with Reotemp OM series Digital Indicators 

• 100% inspected, "Ready-to-go" out of the box 

TG series transmitters are compatible with Reotemp DM series 
digital indicators (p.37). Each Reotemp transmitter Is Inspected 
and calibrated pri~r to shipment, to ensure It Is 100% "Ready
to-Go" right out of the boxl 

Dimensions in inches 

Specifications: (Also see General specs, page 39) 

Output Signal: 4-20 mA, 2 wire (std) 
0-5 V, 0-10 V, 1-6 V, or 1-11 VDC (3 wire) 

Pressure Ranges: Vacuum, compound, pressure to 15000PSI; 
gauge and absolute 

Accuracy (BFSL): +1- 0.5% of span (standard) 
Oncl. repeatability, +/- 0.25% of span (optional) 
hysteresis, and 
linearity): 
Adjustment: 
Input: 

Temperature: 

Weight: 

+1- 1 Oo/o full scale, zero & span 
12-30 VDC (for current output) 
14-30 VDC (for voltage output) 
Compensated: +32 to 175 deg F 
Effect: +/- 0.02% of span I deg F 
Media: -22 to 212'F (·30/100C) 
Ambient -40 to 185"F (-40 to 85'C) 
Approx. 3.5 oz (90g) 

Hole: dimensions 818 nominal and may Vll)'. 

Ol8dt Vlilh Reolemp &alas 5 dimlnSians are aelc8l. How TO ORDER 

TG1= 
General 
Purpose 
Transmitter 

(Case 
style 1)" 

TG- f11_ lfWil- f11_ ~- J.il_ ~ I..±J-- ~ ~-- ~ ~-- ~--. 

Service Inspired, Quality Driven 

Options: 

1 =Threaded 
Orifice 
(SS, M3.5) 
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SERIES TH 
~---=x~~~~~~ 

CE 

REOTEMP PRESSURE PRODUCTS 

HEAVY DUTY, HIGH ACCURACY 
TRANSMIITERS 

.. Heavy-duty, 0.25% or 0.12% accuracy 
• All-stainless welded Body and Wetted Parts 
• Very low to very high Pressure Ranges 
• Engineered for high stability, shock 

resistance, and durability • (internal 
electronics potted in silicone gel.) 

• Internal zero & span adjustments 
• 4-20 mA, or choice of several voltage outputs 

TH serle& transmitters are compeUble with Reotemp DM series dlgllal 
Indicators (p.37). Each Reotemp transmitter Is Inspected and caRbrated 
prior to shipment, to ensure It Is 100% "Ready~" right out of the boxl 

Specifications: (Also see General specs, page 39) 
Output Signal: 4-20 mA. 2 wire (sld) 

0-5 VDC, or 1-10 VDC (3 wire) 
Pressure Ranges: Vacuum, compound, pressure to 60,000 PSI; 

gauge and absolute 

Accuracy (BFSL): +/- 0.25% of span (standard) 
(Incl. repeatability, +I· 0.11 'Yo of span (optional) 
hysteresis, and 
tineartty): 
Adjustment: 
Input: 

Temperature: 

Weight: 

TH 

TH1 = Higtt
Aa::uracy 
Transmitter 
(case style 1 )" 

+I- 10% fun scale, zero & span 
1 0-30 VDC (for current output) 
14-30 VDC (for voltage output) 
Compensated: +32 to 175'F (0/SO'C) 
Effect: +I· 0.01% of span I deg F (on zero and span) 
Media: ·20 to 212"F (-30/1 OO'C) 
Ambient -15 to 175'F (·10 to 80"C) 
Approx. 7.2 oz (187g) Case style 1 

Nate: dlmensian5 818 rxxnlnaland may yary 
Cllock Wllh ReoiBmp lilies H cimensions 818 ~ 

9 = 9/16-18 aminco
(sld on 30,000 to 
60,000 psi) 

Options: 
1 =Threaded 

Orifice 
(SS, M3.5) 

2 = Restrictor 
Screw 

Weld-in adapters 
for G1, G112 

Diaphragm Seals, 
· Snubbers 

c:f!EO TEM E Telephone: (800) 648-7737 FAX (858) 784..0720 • salesQPreotemp.com • www.reotemp.com 
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INTRINSICAUV SAFE TRANSMITTERS SERIES TX 
-~"-"'""C"'~!!II't~~ 

• Intrinsically safe for Hazardous Environments 

• Heavy-duty, 0.25% or 0.1% accuracy 

eVery low to very high Pressure Ranges 

• Internal zero & span adjustments 

• All-stainless welded Body and Wetted Parts 

• Shock-proof - internals potted in epoxy 

;:~::~~, __ lions:;,__·>.' ':·5~: ~ · :. _., ~~-,_;·.- ,-:,: ~-,_::-~ ·;: -;c:~·_, ·:>:.i 
·Peti'bchemicals, ·cheniicals·;.ind other' baiardous 
.~a'ppii~ati~;~~ r~qulri~g;Cta~s . .ff.DJyjsjon -i pr~~Ct!o_n·:~ 
~:~·-=:~~}z;:.: _:_ .. ~:. -~ -~~ ·=··="~ ::-- --·~-~--::-~~-- ---_: .. :. -~·=· .. ~:.;~-~:~~:-'· 

TX1 = 
Intrinsically Safe 
transmitter-( case 
style 1 )* 

Case style 1 

Nole: dlmBMIDIIS 818 namilal and may V81)'. 
Check wllh Reotemp salas a dimensions am aiical. 

• TX series transmitters are compatible with Reotemp OM series digital 
Indicators (p.37). Each Reotemp transmitter Is inspected and calibrated 
prior to shipment, to ensure It Is 100% "Ready-to-Go" right out of the boxl 

Specifications: (Also see General specs, page 39) 
Approvals: FM, CSA, CENELEC, BASEEFA, and PTB 

approved for Class I, II, Ill; Division 1, groups A, B, 
C, D, E, F, G. Nonincendive for Class I, Div 2, 
Groups A, B, C. D. 

Output Signal: 4-20 mA, 2 wire 
Pressure Ranges: Vacuum, compound, pressure to 15000PSI; 

gauge and absolute 

Proof & Burst Pressures Proof preBBure Burst PI'888Ure 
0/5 thru OflOOpsl 3.5 x range 3.5 x range 
0/300 thru 0/10,000 psi 2 x range 2 X I'BilQe 
0/15,000 psi 1.5 X r&nQ& 2 x ran11a 
0125.000 and 0160,000 psi 1.2 x range 2 x range 

Accuracy (BFSL): +1- 0.25% of span (standard) +1- 0.12% of span (optional 

Adjustment: 
Input: 
Temperature: 

(ind. repeatability, hysteresis, and linearity) 
+I· 10% full scale, zero & span 
10.30 VDC 
Compensated: +32 to 175"F (OIBOC) 
Effect: +1- 0.01o/o of span I deg F (on zero and span) 
Media: ·5 to 120"F (-20150'C) 
Ambient ·5 to 120'F (-20150'C) 

33 
Service Inspired, Quality Driven 

• 

• 



~ 
i 
: 
! 

! • . 
! ] 
I 
! 
I 
t 
I 

• 34 

SERIES TS 
~- ~ 

CE 

TS &aries transmitters are compatible with Reotemp DM aertes digital 
Indicators (p.37). Each Reotemp transmitter Is Inspected and calibrated 
prtor to shipment, to ensure It Is 100% "Ready-to-Go" rtght out of the boxl 

Specifications: (Also see General specs, page 39) 

Output Signal: 4-20 rnA, 2 wire 
0-5 VDC, 0-10 VDC, or 0.5-2.5 VDC (3 wire) 

Pressure Ranges: 0-2PSIIhru 0-SOOPSI 
Proof Pressure: 2 x range 
Burat Pressure: 4 x range 
Accuracy (BFSL): +/- 0.25% of span (standard) 
(incl. repeatability, +/- 0.125% of span (optional) 
hyslflresis, and 
linearity): 
Input: 12-30 VDC (for current output) 

14-30 VDC (for VDC output) 
6 VDC (for 0.5 to 2.5VDC output) 

Temperature: Compensated: +32 to 122' F (0/SO'C) 
Effect: +/- 0.01% of span I deg F (on zero and span) 
Media: -14 to 175' F (-10/BOC) 

Environmental Protection: NEMA 6, IP68 (submersible to 1,000 ft.) 
EIBctrical Protection: Reverse polarity, short circuit, and lightning protection. 
Submersible Cable: Vented, watertight, polyurethane jacketed. 

Tensile strangth: maximum 220 pounels 
Wetted Parts: Body- 316 stainless 

Cable- polyurethane (teflon avaUable) 
Nose cone- Polyamide 

REOTEMP PRESSURE PRODUCTS 

SUBMERSIBLE, LIQUID•LEVEL 
TRANSMITTERS 

• Accurate Level Measurements from 5" 
we to 300 psi 

• 316 Stainless Steel and Polyurethane 
wetted parts 

• 0.25% or 0.1% accuracy 
• Vented, Strong Submersible Cable 
• Lightning, short circuit, reverse polarity 

protection 
• NEMA 6/IP68 protection, submersible to 

1000 ft. 
- ~ ... ':..:. • ... , . ; . . . 

• I , ... ' ~ •'"f •"': • 0 .., ' ' • I• ;t ; i ' • '• :( J' 
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5.1 - 8 1.06 r-

Dimensions in inches 

Nate: dimensions ere nominal 
and may YBry. Cheek Willi 

'\.0/ Reatamp Ales H dunensions 
llllcrlk:al. 

How TO ORDER 

TS- QJ-~-Cb]-~-(]J-~-~ 

"Nola. AP d&memoionl and opeco. are lor"""" IFiyle 1. 01har case atytes avallallla. 
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OEM TRANSMITTERS SERIES TM· 
~~ 

• Reliable, Economical, 0.5% accuracy 

• Shock Resistant, High over-range Protection CE • 4-20 rnA or voltage output 

• All-stainless Body and Wetted Parts 

r----------------------. TM series transmitters are compatible with Reotemp OM series 
digital Indicators (p.37). Each Reotemp transmitter is inspected 
and calibrated prior to shipment, to ensure It is 100% "Ready-to· 
Go" right out of the boxl 

1.47 

.0'1.67 
1.36 

i 
.50 

t Dimensions in inches 

Nola: dimenslans BIIIIIOIIlllaJ and may YaJy. 
CllllCit wllh Reolemp sales d dunensiDns are crilcaL 

Specifications: (Also see General specs, page 39) 

Output Signal: 4-20 mA, 2 wire (std) 
0-10 VDC (3 wire) 

Pressure Ranges: Vacuum, compound, pressure to 15,000PSI 

Proof & Burst Pressui8S 
015 thru OllOOpsl 
01300 thN 0/10,000 psi r---:,~.=.::::.:.;z;~--=:~.:.=:a:..-i 
0/15,000 psi 

Accuracy (BFSL): 
(incl. repeatability, 
hysteresis, and linearity): +-/- 0.5% of span 
Input: 10-30 VDC (for current output) 

14-30 VDC (for voltage output) 
Temperature: Compensated: +-32 to 175 deg F 

Effect: +-/- 0.02% of span I deg F (on zero and span) 
Media: -22 to 212"F (-30/100"C) 
Ambient -22 to 175'F (-30/SO"C) 

Certifications: CE 

How TO ORDER .___ ________ ---J 

TM1= 
Heavy Duty 
OEM 
Transmitter 
(case 
style 1)* 

· · 2 = Restrictor 
Screw 

~ 

~ 

~-----~--om_.~ __ ~_·_~_· ___ ~ __ ~ __ ·_are __ =_~_~ __ ~ __ ~._~ ___ ~_•_·_~ __ ·_~_~ __ . ________________________________________________ ~~ 
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SERIES THS 3A SANITARY TRANSMITTERS 

36 

~ 

• 3A, Tri-clamp Sanitary Connection 
• 316 Stainless Wetted Parts 
• Designed for "Clean-in-place" and 

"Sterilize-in-place" procedures 
• Media temperatures to 250F (121 C) 
• Internal zero & span adjustments 

THS series transmitters are compatible with Reotemp DM series 
digital Indicators (p.37). Each Reotemp transmitter Is inspected 
and calibrated prior to shipment, to ensure it is 100% "Ready-to
Go" right out of the boxl 

Specjficatjons: (Also see General specs, page 39) 
Output Signal: 4-20 rnA. 2 wire (std) 

1-5 VDC, 1-6 VDC. or 1-11 VDC (3 wire) 
Pressure Ranges: Vacuum, compound, pressure 0/2 to 0/1000 PSI 

gauge and absolute. Ranges 60psi and below not 
recommended with 314 • tri-clamp. 

Proof & Burst Pressures 
015 lhru 0/200psl 
01300 lhru 0/1 ,OOOpsi 

Proof pressure Burst pressure 

I 3 x range I 3.8x range I 
I 1.75 x range I 4 x range I 

Accuracy (BFSL): +/- 0.5% of span (standard) 
+/- 0.25% of span (optional) 

Adjustment: +/- 5% full scale, zero & span 
Input: 10-30 VDC (for current output) 

14-30 VDC (for voltage output) 
Temperature: Temperature effect with 1.5" or 2" triclamp: 

THS = 
Sanitary 
Transmitter 

+/- 0.1% of span /10'F (for zero & span) 
or +I- 0.02psi/10'F (greater of) 

Note: 3/4" Triclamp not recommended for 
temperature variations. Effect is<=+/- 0.9psi/10'F 

THS 

3.25 MaL 

2.15 .01.06 Max. 

Dimensions in inches 

Note: dimensions are ncmlnaland may vmy. 
Check Mill Reolemp sales H dimensions are cnllcal. 

'Note: REO TEUP recommends 1.5' or 2' triclamp for vanable temperature servica. 

c:REOTEM e Telephone: (600) 646·7737 FAX (858) 784-0720. salesGPreotemp.com. www.reotemp.com 
INSTRUMENTS 



I 
l I , 
i 
' i 

I 
I 
I 

l 
g 

! 

I 
D 

t 

' . 
•' 

General 
Specifications 
For Reotemp Pressure TransmlttetS shown 
on pp 31-38. (See specific specs on each 
product page.} 

Wetted Parts: 316SS (ranges under 400 pal). 
HI press. Ranges, 17-4 PH SS diaphragm and 
300 series SS prassura chamber 

Repeatability: 0.05% of scale (model TM, 0.2%) 

Hysteresis: 0.1% full scale 

Stability: 0.2% full-scale (modeiTM, 0.5%) 
Response time: < 1 ms (between 10-90% of 
scale). [Model TM, <5 ms) 

Operating Life: 100 million cycles 

Electromagnetic 
rating: 

CE compliant to EMC norm 
EN61326:19971A1: 1998 
RFI, EMI and ESD 
protection 

Electrical Protection: Reverse Polarity, over 
voltage, and short circuit protection 

Shock: Less than +I· 0.05".1. full scale effect for 
1000 g's @ 2ms on any axis (modal TM: 
600 g's) 

VIbration: Less than +I· 0.01% full scale effect 
for 15 g's@ 0-2000 Hz on any axis (ModeiTG: 
less than 0.05% full scale effect for 20 g's @ 
5·2000 Hz on any axle.) 

Temperature Range for Storage: -40 to 212 
degrees F (series 612, -22 to 175 degrees F). 

Environmental protection: NEMA 4x (DIN IP65) 
(series TS, NEMA 6, IP6B) 

Electromagnetic ratings: CE compliant to EMC 
norm EN61326: 19971A1:199B. RFI, EMI,and 
ESO protection. 

Proof Pressure and Burst Pressure can be found 
for Individual models on product pages. 

At fmln..frll~.§J!U. zero and span may 
shift but no permanent damage has 
occurred. 

At E!.Y!lil..~. permanent, non· 
recoverable damage may occur. 

Note: Specifications are subject to change. 

, , , ,, , . . . . . . , .. ·' ., . . ·. . . . . . ·. I 

.(TRANSMITTEii··.TECHNICAL REFERENCE:·. 
~,;..~'-.- =-·- . ,-·· .. · ·~.·'~ :·:;·-~::._· -~·-··~· ~. · .. · .. ·. ___ , .... ~~ ~- ·.·.~·.·.· .• ~ ... :·· .. ·~ 

4-20 rnA. 2 WIRE SYSTEM VOLTAGE OUTPUT, 3 WIRE SYSTEM Wiring 
Diagrams 

CABLE LEADS = 
y 

DIN CONNECTOR CABLE LEADSGIIOUHil DIN CONNECTOR 
(SHlB.DJ 

(for transmlner p.p. 31·38) 
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MECHANICAL PRESSURE SWITCHES 
·-

REO TEMP's Mechanical Pressure Switches are suited for a 
variety of process applications, where electrical devices must 
be turned on/off in response to changing process pressure . 

40 

Explosion Proof Case NEMA4Case 

Dimensions in 

Switching Elements: SPOT, or DPDT 

Current Capacity: 15A at 250VAC; 5A at 30VAC 

Housing: NEMA4, 4X, or Explosion Proof 
(Ciass.1, Group C & D; Class.2, Group E,F,G, Division 1, 2) 

Electrical Outlet: 3/4" NPTF 

Adjustable Setpoints: From full vacuum to 550psi 

Wetted Diaphragm: Teflon/Buna, 316 SSMton. 

Wetted Pressure Ports: 316 SS, Aluminum, Cast 

Overrange: 200 psi to 1,500 psi 

Warranty: 3 years 

Note: Specifications are for standard switches shown 
on next page. A wide variety of alternate housings, ranges, 
switches, wetted parts and options are available on request. 

cf!EO TE ME Telephone: (11001648-7737 FAX (858)784-0720 • sal~temp.com • www.reotemp.com 
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HOWTO ORDER MECHANICAL PRESSURE SWITCHES 
~~~~~.::>::&.~~· 

"iii c. 
8 
It) 

Pressure 
Switch 

!Psi-

0 
0 0450 0 ,.... 

0630 
"iii 

0650 c. 
8 0530 Ill 
N 

0545 

Pressure 
Range 

3-SOpsi 

12- 100 psi 

20-180 psi 

25-240 psi 

45-550 psi 

Housing 

0.4psi 

0.9psi 

1.4psi 

2.2psi 

3.9psi 

NN =Aluminum, One Outlet (R) -I ,j 
.j 

~;·-~ 
N3 =Aluminum, two Outlets (L,R) ----

RN =Aluminum, with 6-place Terminal Block 
One outlet (R) 

RT = 316SS, with 
One 

K = Single (SPOT) 
KK = Dual (DPDT) - (KK has 6x dead band multiplier) 
Both Switches: 15 A@ 250 VAC, 5A@ 30 VDC 

Switch Options 

MM= Vacuum protector plate (STD with 
vacuum+ compound range) 
CG= Cemented Cover Gasket 
VY= Epoxy coating (Exterior) 
RR= Stainless Steel tag (TT = H.D. Tag) 

SP= Specify set point (set by factory, NIC) 
Example: SP 50A = 50psi ascending 

(If set point not specified, factory will set at mid point.) 

i~§~~.!@P..§t~a!'li~~-~~-~·~::c:,,' -
Mlll!;WOrklog ~re ,-;.1,5DO_psl),n; · :~ .. _ · 

Process 
Connection 

Code for 
04-,05-,06-, 

54-,56-
ranges 
W52S 
W54S 
W5FS 

Code for 
12·,54-,56-

ranges 

W62S 
W64S 
W6FS 

1/2"NPTF 
1/4"NPTF 

ANSI Flange 
(Specify Size) std. fill = silicone 

N4 = Teflon- coated Polyamide 
w/ Buna 0 - ring 

M4 = 316SS w/ Viton 0 - ring (reqUired with 56- ranges) 

Service Inspired, Quality Driven 
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TRI-MOOE PRESSURE SENSOR 
~~' 

Eleclrical Conn. 
1/'Z'NPTF 

(Right Side Is 

5.2 

42 

Model 

16 Cha!acter x 
2 Line Display 

All in One 
Easy-to-use 

Device 
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SGT® Specifications 
Ranges. Vaccum, pressure to 2,000psi 
Over-pressure: 1.5 x range 

Temperature ('F): Process: -201250'F Ambient: -20/160"F 
Compensated: -20/160'F Storage: -401185'F 

Long-Term Accuracy: 0.5% URL Stability: 0.5"-' URL per yr. 

Power: Supply: 14-30VDC (loop powered) 
Electrical Protection: reverse polarity, EMIIRFI 

Memory: Non-volatile 

Transmrtter Response Time: Sensor Sampling Rate: 20 ms 
Switches: s 10 ms Transmitter (90% FSO): s 15 mg 
Sell-Diagnostic: s; 1 sec. Gauge Update: 600 ms (nom.) 

Swrtch: two independent solid state MOS relays: SPST. NO 
Ratings: 1 A@ 25'C; 0.6 A@ 71 'C; 125VAC/120VDC 
Max. inrush: 3A @ 23'C 

Off-State Leakage Current: 10 pa Range: o to 100% URL 
Deadband: 0.2 to 1 00% URL Failsafe: open or closed 

Gauge: Range: 0 to 150% of URL (Vacuum, 100%, of URL) 
Resolution: s 0.1"-' URL 
Engineering Units: 13 selectable 

Transmitter: Analog, Loop powered: 4-20 mA, 2-wlre 
Menu structure 

Zero Offset: +10% URL Span: 20% to 100% URL 
Fallsfe: 3.6 rnA or 22mA (per NAMUR NE43) 

Wetted Parts· (Std.) Sensor: Ceramic ( AL20.) 
Process Port: 316SS, 112" NPTF Q-ring: Vlton 

Enclosure(Std.): Aluminum with 1 or 2 3/4" NPT conduit connections 
Terminal Block: 14-28 AWG 
Protection: NEMA 4X, 1 P65 

Mechanical: Vibration: 2g@ 15-150 Hz.; 1g@ 150-2,000 Hz 
Drop/Topple: per SAMA PMC 31.1 Weight: 1.68 lb 

Agency Approvals: UL. cUL (Class I, II, Ill; Dlv 2; Nonincendlve 
ATEX Directive 9419/EC Ex 113 G/0 

Electrical Process Wetted 
Materials 

~GTI-
Ranges 

1 0 = D-1 Opsig 500 = 0-500psig 
20 = 0-20psig 1 K = 0-1 OOOpsig 
50 = 0-50psig 2K = 0-2000psig 
100= o-1oopsig 30V= 30"-0 Hg vac 
Absolute ran es available. 
Other>!: rig 
s-er:c'tiillle 
in~o. 11~0, in Hg, bar, mbar, mmH, 
mH,O, mmHg, kg/em, Pa, kPa, MPa 

Electrical Connection 

2R = 112" NPTF (Right) (std.) 
2L = 1/2" NPTF (Left) 
2B = 1/2" NPTF (R + L) 

3R = 3/4" NPTM (Right) 
3L = 3/4" NPTM (Left) 
38 = 3/4" NPTM (R+L) 

Connection Connection 

Process Connection 

2F = 112" NPTF (std.) 

2M= 1/2"NPTM 

BF = G1/2" (F) 

CB = 1 1/2" Triclamp 
C9 = 2" Triclamp 

other T~:h~r ~e~~y~lable. 

~:;.O.-iRi '''s;!.si'?:1fe _., ·-~FJ.'i:' 
V = Vlton(std) (-201250"F) 

B = Buna-N (-40/200"F) 

N =Neoprene (01200"F) 

E = EPR (-401200"F) 

K = Kalrez ( 40/250 • F) 

~~i~'ff;;.PressureiPo·n;;A'i.:t"t 
S = 316SS (std) 
H = Hast. C-276 
M= Monel 

·,TriCiamp ,Wettea~Parts: :~. 

SS= Aii316SS 

Options/ 
Accessories 

Transmitter: 
4-20mA= 0%

Fallsale" 3.6 mA 

AB = Absolute Pressure Range 

RR= S.S. Tag 

PK = Pipe Mounting Kit 

CE = Alex Approved 
CE compliant configuration 
(requires 113 alec. conn.) 

PP = Fiber Tag 

W52S =Diaphragm Seal, 316SS, 
w/1/2" NPTF (other seats available) 

Max press.= 1 ,500 psi) std. fill = silicone 
CC = Cart. of Calibraton 

CM = Cart. of Wetted Malerais 

Service Inspired, Quality Driven 
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REO TEMP needle valves are high-quality, instrument grade valves that are 
designed for reliable operation and extended service life in a variety of environ
ments. Standard features such as non-rotating tips, packing below stem threads, mirror finish 
packing surfaces and bonnet locking pins provide for smooth, safe, and trouble-free service. 

SOFT SEAT Soft, replaoeable Delrin seat. Ideal lor fluids containing solid 
particles or viscous fluids Max. temp: 212°F. 

• Straight lhru path PART NUMBERS 
• Rotldable lor easy NPT. mu pressure @ 1 ooc CARBON STEEL 3165.5. 

Cleanout 1/2" MXF, 600011 G5C166MF G5SS166MF c-' 
c:P-·. • Delfin seal 1/2" MXF, 600011, NACE G5SS166MF-NC 

y~ 
~ 

HARD SEAT 

SOFT TIP 

• High throughput 
1/2" FXF, 600011 

-~·- w •• 
G5C166FF 

114" MXF, 600011 G5C144MF 
• Bidireclional 114" FXF, 600011 G5C144FF 

Optional seat materials: KEL·F, PEEK, PTFE 

Metal seat and tip for high-pressure isolation of instrument lines. 
Suitable for liquid or gas service. Max. temp: 460°F. 

G5SS166FF 
G5S5144MF 
G5SS144FF 

PART NUMBERS 
• Angled flow path for 

finer metering 
NPT, mu pressure 0 100C 

1/2" MXF. 6000# 
112' MXF. 10,00011 

CARBON STEEL 316S.S. 
N2C166MF N2SS166MF 
N2C266MF N2SS266MF 

"-

• Metal·to-Metal bubble 
tight seal ~~XF, 10,~~'-NAC-~---- -·- N2SS266MF-NC - -----· ·--

112' FXF. 600011 N2C166FF --N2ss16sf:'F·-- · 
!12" FXF. 10,~------ _ t- _!':42C.~66Ff_ "--. _ N2SS266FF 
1/4" MXF, 600011 · N2C144MF -N2ss144MF .. 

1/4" FXF, 600011 N2C144FF N255144FF 

Note: for "Block & Bleed" design with integral bleed, substitute B8 for N2. 

Soft Delrin tip on metal stem. Ideal for gas service. 
Max. temp: 212°F. 

• Angled flow path for 
finer melering 

• Delrin lip I metal seat 

NPT, max pressure 0 lOOC 
112" MXF, 6000# 

PART NUMBERS 
CARBON STEEL 316 s.s. 

F3C166MF F3SS166MF 

·-

112" FXF, 6000_!. ... --- .. - ·-- ... f1G1.!)_6Ff. - . .. f..3.!i§16jj_FF_ ... 
• Bubble-light seal 114" MXF, 6000# F3C144MF F3SS144MF 

114" FXF, 60001 F3C144FF F3SS144FF 

Optional items available: Angle pattern valves, high temperature assemblies (to 1,000°F), high pressure tip 
assemblies, oxygen cleaning, NACE certification, compression fitting ends, 
multi-outlet valves, valve manifolds. 

Optional valve materials: Brass, Monel, Hastelloy C, 304 S.S., 316 S.S. 

Also Available: Mini Needle Valves; Manifolds. 

c::REO TE M .J! Telephone: (800) 6411-7737 fAX (858) 784..0720 • saleslll>reotemp.com • -.reotemp.com 
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REOTEMP Snubbers are a simple cost-effective solution to harmful pressure surges and pulsation. 
When a REOTEMP Snubber Is installed It absorbs pulsation and surges - protecting your Instru
mentation and stabilizing the pointer for easier readings. Available in an adjustable self-cleaning 
piston design or economical porous disc type. 

POROUS DISC TYPE • Economical choice lor non-clogging applications 

• Different porosities available lor various viscosities 

I I BODY 
Material Max. PSI NPT Porosity Part# 

1/4 
Uquld PXS-7228E 

Brass 5,000 Gas PXS-7228G 

1/2 Uquld PXS-723BE 
Gas PXS-7238G 

1/4 
Uquid PXS-722SE 

303SS 15,000 Gas PXS-722SG 

112 Uquid PXS-723SE 
Gas PXS-7235G 

POROUS 
METAL DISC -t•lti 

Other Porosities available: "D"= for thick oils 
"HX" = for Hi-pressure gas 

PISTON TYPE- Short Orifice • Moving Piston Design for self-cleaning action 
• Solid Body lor High pressure resistance 
• Three pistons included for adjustable snubbing 

I I Material Max. PSI NPT Length (in.) Part II 

Brass 
5,000 

PXS-0228 
Monel PXS-022M 

303SS 
1/4 1.5 

PX5-022S 
316SS 

15,000 
PXS-022SS 

Brass 
5,000 

PXS-0238 
Monel 

112 2.0 
PXS-023M 

303SS 15,000 PX5-023S 
316SS PX5-02355 

• Moving Piston Design for sell-cleaning action 
• Long orifice for smoother snubbing 
•Three pistons included for adjustable snubbing 
•Center Joint (1/4" and brass models) for easier adjustment 

Material Max. PSI NPT Length (in.) Part# 

Brass 3,000 PX5-0108 

303SS 
5,000 

1/4 3.46 PX5-0105 
316SS PX5-010S5 

Brass 5,000 PXS-0608 

303SS 10,000 
1/2 3.61 PXS-0605 

316SS PXS-06055 

45 
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Pigtail siphons are used in steam service to 
protect the instrument from direct exposure 
to high temperature steam. NPT Material 

1/4" 

Steel 

304SS 

1/2" 

1/2" 316SS 

How to Specify Siphons: 

~ - z. - .1 -
Pressure (NPT) (Style) 

Accessory 
Siphon 

2= 1/4" 1=180°~ 
5=1/2" 

~ 2= 90° 

3=270° n 
4=360°~ 

REOTEMP PRESSURE PRODUCTS 

Common Siphon Part #'s 
Sched. 90 deg. 360 deg 

40 PXS22SS PXS24SS 

80 PXS22SX PXS24SX 

80 --'.·'.$~$ki~i, :<:~xs~s.x .· 
40 PXS244S 

80 PXS244X 

80 PXS544X 

40 PXS546S 

~ - X 
(Material) ( (Pipe Schedule) 

A=Carbon Steel 5= Sch 40 
(or alloy Stl Welded) X= Sch:80 
S= Carbon Steel 1= Sch 160 
Seamless (1/2" only) 
4= 304SS D= xx heavy 
6= 316SS (1/2" only) 
1= Chrome Moly P11 
2= Chrome Moly P22 

1/4" NPT Brass, Max 100 p.s.i. 

Female • Mala Union 
#PXG-3101 

Female • Female 
#PXG-1380 

Female • Female 
#PXG-1440 

A restrictor screw (or throttle screw) is threaded into the process opening of the pressure gauge and helps to dampen rapid pressure 
fluctuations. This reduces pointer flutter, and can prolong the life of the gauge. Many REO TEMP industrial gauges are shipped with 
restrictor screw installed. 

Specify part # PXR. 
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• Two easily adjustable setpoints 
• Can be used to open or close on rise 
• 0. 7 A max current (higher loads can be run through relay) 
• Available on 4" dial (PIN PXEM21-40) or 4112" dial (PIN PXEM21-45) 

• Indicates max pressure reached 
• Easily reset 
• Uquid tillable (Works best dry, though) 
• Available for: 2 112" dial (MP·PR25) 

4" dial (MP-PR40) 
4 1/2" dial (MP-PT45) 

REO TEMP can provide custom dials with: • Polycarbonate 
• Special Ranges or designs • Laminated Safety Glass 
• Custom logos • Polysulfone (for autoclaving) 
• Colored zones 
Consult factory for assistance with dial designs 

Pressure Bnstrument Repair Services- Reotemp will be glad to quote on your repair and servic
ing needs for pressure gauges, transmitters, switches, and diaphragm seal systems. 

Calibration and Certification - Services 
include testing, calibration, and certification of 
pressure gauges, transmitters, switches, and 
diaphragm seal systems. All certification is NIST 
traceable. 

Certificate Descdptjon 

Conformance/ calibration to NIST 
General calibration sticker 
3 Logged Points - sticker & Cert. 
5 Logged Points - sticker & Cart. 
Switch setpoint cart 

Oxygen Cleaning - removes oil from gauge intended for oxygen service. 

Em:ttl 
CNISTPG 
CALSTKPG 
CCALPG-3 
CCALPG-5 
CCALSW 

Diaphragm Seal Application Assistance - REO TEMP will assist you in designing and specifying the 
most effective diaphragm seal system for your pressure or vacuum application. Contact factory for details. 

Service Inspired, Quality Driven 
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PROJECT: GROUNDWATER TREATMENT PLANT 

CUSTOMER: W. A. RASIC CONSTRUCTION 

CUSTOMER JOB NO.: 
PLANT: 
LOCAnON: 

SPECIFICATION FOIUIS FOR PROCESS M~URMENT AND COH'I'ROl 
INSlRUMENTa, PRIMARY El.EMENTS AND CONTROl. VALVES 

REL. HUMIDITY I TEMP. INDICAnNG SHEET 1 OF 1 

TRANSMITTER SPEC NO. REV. 
NO. BY DATE REVISION 

A EIS 7122/2008 FOR APPROVAL CONTRACT DATE 

REQ. P.O. 

BY I CHK'D APPR. 

1 TAG NUMBER: TIT ·227 I MIT ·227 SERVICE: STRIPPED AIR TEMPERATURE AND HUMIDITY 

2 FUNCTION RECORD 0 INDICATE 00 CONTROL 0 BLIND 0 TRANS 00 
OTHER 

3 CASE MFRSTD 00 NOM SIZE COLOR: MFRSTO 00 OTHER 

4 MOUNTING FLUSH 0 SURFACE 00 YOKE 0 OTHER 

5 ENCLOSURE CLASS GEN. PURPOSE 0 WEATHER PROOF 00 EXPLOSION PROOF 0 
GENERAL FOR USE IN INTRIN SAFE SYSTEM 0 OTHER 

6 POWER SUPPLY 117V60HZ 0 OTHER AC oc 24 VOLTS 

7 CHART STRIPO -- ROLL 0 __ FOLD 0 -- CIRCULAR __ TIMEMKS ---
8 CHART DRIVE SPEED POWER 

9 SCALES TYPE 

RANGE 1 2 3 4 

10 TRANSMITTER 4·20mA[!] 10·50mA 0 21 ·103 kPa 13 ·15 P5!lll 0 OTHER 

TRANSMmER OUTPUT FOR RECEIVER SEE SPEC SHEET 

11 CONTROL MODES P =PROP (GAIN) I= INTEGRAL (AUTO· RESET) D =DERIVATIVE IRATE) 

SUB: s=SLOW f=FAST 

PO PI 0 POD PID0 110 oro lsO Os0 
CONTROLLER OTHER 

12 ACTION ON MEAS INCREASE OUTPUT: INCREASES 00 DECREASES 0 
13 AUTO· MAN SWITCH NONE 0 MFRSTO. 0 OTHER 

14 SET POINT ADJ. MANUAL 0 EXTERNAL 0 REMOTE 0 OTHER 

15 MANUAL REG. NONE 0 MFRSTO. 0 OTHER 

16 OUTPUT 4-20mA0 10·50mA 0 21 - 103 kPa (3- 15 psiQ) 0 OTHER 

17 FILL SAMACLASS Bm COMPENSATION 

18 PROCESS DATA TEMP: NORMAL MAX MAX PRESS 

19 RANGE FIXED 0 ADJ RANGE SET AT 

ELEMENT OVERRANGE PROTECTION TO 

20 BULB TYPE ~ MTL ;u&s& EXTENSION LENGTH TYPE 

SIZE. DIAMETER LENGTH INSERTION 

CONN: LOCATION FT ABOVE 0 BELOW 0 INSTR 

21 CAPILLARY MFRSTO 0 LENGTH MTL ARMOR 

22 WELL MTL ~lli Ill INSERTION LAG EXT. CONN 

CONST: DRILLED 0 BUllT·UP 0 OTHER 

23 ALARM SWITCHES QUANTITY FORM RATING 

24 FUNCTION TEMP. 0 DEVIATION 0 CONTACTS TO ON TEMP. INCREASE 

25 OPTIONS FILT-REG 0 SUP GAGE 0 OUTPUT GAGE 0 CHARTS 

OPTIONS OTHER 

26 MFR & MODEL NO. • .. NEWPORT. HX93DAC.f-D 

NOTES: ... VENDOR TO CONFIRM MODEL NO 
1. VENDOR SHALL PROVIDE A STAINLESS STEEL NAMEPLATE STAMPED WITH INSTRUMENT TAG No 
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Newport HX93A-RP1 Humidity and Temperature Transmitter with Display 

OUR PRICE: $375.00 (+$10.00) 

Manufacturer: Newport Electronics 

Part Number: HX93DAC 

Select Product Options 

• denotes required field 

Newport HX93 Model Selection'" 

j l.lJct ftlbunt RHITeflll Transrmter with Display, Deg F HX930A.C..F-O (+ $10.00) liJ 
.. , ... ·---···---------··--.. -·-- -·----··· --·--- .. ·--·----··~-----~ ...................... -- -·-.. -···-···-----·-

NIST Traceable Calibration • HumidityfTemp Transmitter"' 

I ~--- ~~ . -. ---- -~- . . . . -- ·- -_11 
o .. [1Jtilii;ti:CfrPO) uantrty .... _____ p,.,.,;,, ... 

Email this page to a friend 

Newport HX93A Humidity Temperature Transmitter 

View Larger Image 

• 

The HX93A and HX93DA Series transmitters provide remote and on-site monitoring of relative humidity and temperature. Both series output a 
linearized current or voltage signal proportional to the measured humidity or temperature. RH outputs are temperature compensated. Current 
output models enable placing of the transmitter at a remote location virtually any distance away from the measuring device. 

The HX93DA models feature built·in dual displays that indicate both humidity and temperature simultaneously. All utilize a thin-film polymer 
capacitor to sense relative humidity, and a Platinum 100 ohm RTD to accurately sense temperature. 

A stainless steel mesh type filter protects the sensors, which is easily removable for cleaning. Mounting screws are easily accessible inside the 
rugged, ABS enclosure, which houses and protects the electronics to NEMA 13 specifications .. 

Relative Humidity Control System: The HX93A and HX93DA Series interface directly with NEWPORrs Meters and Controllers to create a complete 
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NEMA 1, 2, 3, 3R, 4, 4X, 5, 12 and 13 specifications 
Connections: liquid-tight nylon with neoprene gland, for 0.09 to 0.265" diameter cable; i 
nternal4-pin terminal block accepts 14-22 gauge wire 

Dimensions: 
Enclosure: HX93A(*) & HX93A(*)-0: 79.8 X 81.8 x 54.9 mm (3.14" x 3.22" X 2.16") 
Probe: HX93A(*)-0: 15.7 0 X 124.5 mm l (0.620" X 4.9") 
Weight: HX93A(*): 170 g (6 oz); HX93A(*)-D: 187 g (6.6 oz). 

Display (HX93DA Series only} 
Dual Miniature Loop-Powered Indicators: 3 1/2 digit LCDReading Rate: 2.5 times per second 
Display Accuracy: Relative Humidity: +/-2.5% RH Temperature: +/-0.6 Deg C (1 Deg F) 
Display Resolution: Relative Humidity: 0.1% RH Temperature: 0.1 Deg C (0.1 Deg F) 
Display Accuracy in Relation to Output: Relative Humidity: +/-0.3% 
RH Temperature: +/-0.3 Deg C (0.5 Deg F) 
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OMEGAnet® Online Service 

www.omega.com 
Internet e-mail 

info@omega.com 

USA: 
ISO 9001 Certified 

Canada: 

Servicing North America: 
One Omega Drive, Box 4047 
Stamford CT 06907-0047 
Tel: (203) 359-1660 
e-mati: info@omega.com 

976 Bergar 
Laval (Quebec) H7L SA 1, Canada 
Tel: (514) 856-6928 
e-mail: info@omega.ca 

FAX: (203) 359-7700 

FAX: (514) 85~86 

For immediate technical or application assistance: 
USA and Canada: Sales Service: 1-800-826-6342 I 1-800-TC-OMEGA" 

Customer Service: 1-800-622-2378 I 1-800-622-BEST" 
Engineering Service: 1-800-872-9436 /l-800-USA-WHEN"' 
TELEX: 996404 EASYLINK: 62968934 CABLE: OMEGA 

Mexico: 

Benelux: 

Czech Republic: 

France: 

Germany/ Austria: 

United Kingdom: 
ISO 9002 Certified 

En Espaiiol: (001) 203-359-7803 
FAX: (001) 203-359-7807 

Servicing Europe: 

e-mail: espanol@omega.com 
info@omega.com.mx 

Postbus 8034, 1180 LA Amstelveen, The Netherlands 
Tel: +31 (0)20 3472121 FAX: +31 (0)20 6434643 
Toll Free in Benelux: 0800 0993344 
e-mail: sales@omegaeng.nl 

Frystatska 184,733 01 Karvina, Czech Republic 
Tel: +420 (0)59 6311899 FAX: +420 (0)59 6311114 
Toll Free: 0800-1-66342 e-mail: info@omegashop.cz 

11, rue Jacques Cartier, 78280 Guyancourt, France 
Tel: +33 (0)1 61 37 2900 FAX: +33 (0)1 30 57 5427 
Toll Free in France: 0800 466 342 
e-mail: sales@omega.fr 

Daimlerstrasse 26, D-75392 Deckenpfronn, Germany 
Tel: +49 (0)7056 9398-0 FAX: +49 (0)7056 9398-29 
Toll Free in Germany: 0800 639 7678 
e-mail: info@omega.de 

One Omega Drive, River Bend Technology Centre 
Northbank, lrlam, Manchester 
M44 SBD United Kingdom 
Tel: +44 (0)161 777 6611 FAX: +44 (0)161 777 6622 
Toll Free in United Kingdom: 0800-488-488 
e-mail: sales@omega.co.uk 

It is the policy of OMEGA to comply with all worldwide safety and EMC/EMI regulations that 
apply. OMEGA is constantly pursuing certification of its products to the European New Approach 
Directives. OMEGA will add the CE mark to every appropriate device upon certification. 
The mformation contained in this document is believed to be correct, but OMEGA Engineerong, Inc accepts 
no liability for any errors it contains, and reserves the right to alter specifiCations without notoce. 
WARNING: These products are not designed for use in, and should not be used for, human applications. 
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HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

1. General Description 
The OMEGA"" HX93A and HX93DA Series Relative Hurrtidity I 
Temperature Transmitter's provide a linearized and temperature 
compensated output signal of 4 to 20 rnA or 0 to 1 Vdc depending upon 
the model selected for both relative hurrtidity and temperature 
measurement. The output signals have been calibrated and scaled 0 to 
100% for Relative Hurrtidity and -20 to 75°C for temperature. A thin film 
polymer capacitor senses relative hurrtidity while an 100 ohm RTD 
measures temperature, both are protected by a stainless steel filter that is 
easily removed for cleaning. The Nema rated polycarbonate enclosure and 
cable entry connection provides weathertight protection. Screws are 
provided for mounting via internal holes inside the enclosure. The 
HX93DA Series has dual built-in indicators for hurrtidity and temperature. 

2. Unpacking 
Remove the packing list and verify that you have received all your 
equipment. If you have any questions about the shipment, please call 
our Customer Service Department at: 

1-800-622-2378 or 203-359-1660. On the web you can find us at: 
www.omega.com e-mail: cservice@omega.com 

When you receive the shipment, inspect the container and equipment 
for any signs of damage. Note any evidence of rough handling in 
transit. Immediately report any damage to the shipping agent. 

The carrier will not honor any damage claims unless all shipping material is 
saved for inspection. After examining and removing contents, save packing 
material and carton in the event reshipment is necessary. 

The following items are supplied in the box with your HX93A transmitter. 

• This Manual,# M0933A (1 ea.) 
• #6 Wall Anchor and #6 Mounting Screw (2 ea.) 
• Dewpoint Card (1 ea.) 

Additional Transmitter Models Available 

Model Description 

HX92AC Wall mount RH transmitter (4 to 20 rnA Output) 

HX92AV Wall mount RH transmitter (0 to 1 Vdc Output) 

HX92AC-D Duct mount RH transmitter (4 to 20 rnA Output) 

HX92A V-0 Duct mount RH transmitter (0 to 1 Vdc Output) 
continued on next page 



HX93A, HX93DA SERIES 
RH/Temperature TransmiHer 

continued from page 1 

HX15AV-W Wall mount "High Ambient Temperature" application 
RH/Temperature transmitter (dual 0 to 1 Vdc Output) 

HX15AC-W Wall mount "High Ambient Temperature" application 
RH/Temperature transmitter (dual4 to 20 rnA Output) 

HX15A V-D Duct mount "High Ambient Temperature" application 
RH/Temperature transmitter (dual 0 to 1 Vdc Output) 

HX15AC-D Duct mount "High Ambient Temperature" application 
RH/Temperature transmitter (dual4 to 20 rnA Output) 

3. Theory of Operation 

2 

A 4-20 rnA loop is a series loop in which a transmitter will vary the 
current flow depending on the input to the transmitter. In the HX93A 
and the HX93DA Series the amount of current allowed to flow in the 
loop will vary depending on the relative humidity or temperature being 
measured by the sensor(s). Some advantages of a current output over a 
voltage output is that the signal measured is less susceptible to electrical 
noise interference and the loop can support more than one measuring 
instrument as long as the maximum loop resistance is not exceeded. 

A typical application utilizing a current loop will normally consist of a 
power supply, the transmitter and a meter, recorder or controller to 
measure the current flow. The loop resistance in the sum of the 
measuring instruments and wire used. The maximum allowable loop 
resistance for the HX93A or HX93DA to function properly is found by 
using the following formula: 

For HX93A Rmax (power supply voltage- 6 volts)+ .02 amps 
EXAMPLE: (When using a 24 Vdc power supply). 
Rmax = (24 6) + .02 amps = 900 ohms max loop resistance 

For HX93DA Rmax = (power supply voltage- 12 volts) + .02 amps 
EXAMPLE: (When using a 24 Vdc power supply). 
Rmax = (24- 12) + .02 amps 600 ohms max loop resistance 

Figure 1 - Basic TransmiHer Set-up With Current Loop Output 

• 

• 
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HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

Complimentary Instruments 

Power Supply, OMEGA~ Part No.: PSU-93 
Csi32 Series Panel Meters and Controllers 

Recommended Accessories 

Shielded Transmitter Cable, OMEGA., Part No.: TX4-100 (100ft) 
RH Calibration Kit, OMEGA"' Part No.: HX92-CAL 

4. Mounting 
OMEGA's HX93A and HX93DA transmitter's are designed for either 
wall, duct or remote probe mounting depending upon model. Plastic 
wall anchors and mounting screws are included for wall mounting and 
remote probe models. A duct mounting kit is included with duct 
mount models . 

95.3 (3.25) 

DIMENSIONS mm (m) 

Figure 2- Wall Mount Model Dimensions, mm (inches) 

- 55(2.17) 

I 16(62)DIA 

I oj 
127 (5.0) ------l 

498(196) 

DIMENSIONS mm (1n ) 

Figure 3 - Duct Mount & Remote Probe Model Dimensions, mm (inches) 

3 



HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

5. Electrical Connections 

All electrical connections and wiring should be performed by a suitably 
trained professional only. 

Models: HX93AC, HX93AC-D, HX93AC-RP1, HX93DAC, HX93DAC
D,HX93DAC-RPI (Current Output) 

TBl- Relative Humidity TB2- Temperature 

1. + Power Supply 1. + Power Supply 
2. No Connection 2. No Connection 

3. 4-20 mA Output 3. 4-20 mA Output 

6. Current Transmitter Wiring Examples 
For current output models (4 20 mA) 

TEMPERATURE OUTPUT 

4 

RELATIVE HUMIDITY OUTPUT 

Figure 4- Current Transmitter Wiring Example, (4- 20 rnA) 

All electrical connections and wiring should be performed by a suitably 
trained professional only. 

• 

• 
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HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

Models: HX93AV, HX93AV-D HX93AV-RP1 (Voltage Output) 

TB1 - Relative Humidity TB2- Temperature 

1. + Power Supply 1. + Power Supply 

2. +Output 2. +Output 

3.- Power Supply 3. - Power Supply 

7. Voltage Transmitter Wiring Examples 
For voltage output models (0 to 1 Vdc) 

TEMPERATURE OUTPUT 

'-----------, DP18 Panel Meier 

DP18 Panel Meier 

RELATIVE HUMIDITY OUTPUT 

Figure 5- Voltage Transmitter Wiring Example 

8. Relative Humidity Output Calculations 
To calculate% Relative Humidity by measuring the current or voltage 
output use the following formulas. 

For current output: 
% RH = (Current measured in miliamps- 4) .;. .16 
EXAMPLE: (11.04 rnA- 4) .;. .16 = 44% RH 

For voltage output: 
% RH =(Voltage measured in volts x 100) 
EXAMPLE: .44 x 100 = 44% RH 

5 



HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

9. RH Measured Vs Output Reading 

%Relative Output 
Humidity Current (mA) Voltage (Vdc) 

54 0.8 .05 
10 5.6 .10 
15 6.4 .15 
20 7.2 .20 
25 8.0 .25 
30 8.8 .30 
35 9.6 .35 
40 10.4 .40 
45 11.2 .45 
50 12.0 .50 
55 12.8 .55 
60 13.6 .60 
65 14.4 .65 
70 15.2 .70 
75 16.0 . 75 
80 16.8 .80 
85 17.6 .85 
90 18.4 .90 
95 19.2 .95 

10. Temperature Output Calculations 

6 

To calculate Temperature by measuring the current or voltage output 
use the following formulas. 

For Current output in oc (-20 to 75°C) 
oc =(Output measured in miliamps- 4) 7 .1684- 20 = oc 
EXAMPLE: (12.0 rnA- 4) 7 .1684- 20 = 27.5°C 

For Current output oF (-4 to 167°F) 
°F = (Output measured in miliamps- 4) 7 .0935 - 4 = °F 
EXAMPLE: (12.0 rnA- 4) 7 .0935- 4 = 81.6°F 

For Voltage output in °C (-20 to 75°C) 
oc = (Output measured in volts 7 .010526) - 20 = oc 
EXAMPLE: (0.50 Vdc 7 .010526) - 20 = 27.5"C 

For Voltage output "F (-4 to 167°F) 
°F = (Output measured in volts 7 .005848) - 4 = °F 
EXAMPLE: (0.50 Vdc 7 .005848)- 4 = 81.5°F 

• 

• 

• 
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11 • Calibration 

HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

Your transmitter has been factory calibrated to meet or exceed the 
specifications outlined in this manual. To maintain original 
specifications it is generally recommended that your transmitter be re
calibrated on an annual basis depending on operating conditions. 

12. Calibration Procedure for HX93AC (all styles) 
Relative Humidity Adjustment 

Recommended equipment: 

• Humidity Calibration Kit, OMEGA"' Model No.: HX92-CAL 
• Handheld Digital Multi-meter, OMEGA"' Model No.: HHM29 
• De Power Supply, OMEGA" Model No.: PSU-93 

1. Remove enclosure cover 
2. Connect transmitter as shown in figure below. 
3. Apply power to transmitter and allow to warm up for 15 min. 
4. Place unit in a 11% RH environment and allow to stabilize for 15 min . 
5. Adjust potentiometer "P1" for a output reading of 5.76 rnA 
6. Place unit in a 75% RH environment and allow to stabilize for 15 min. 
7. Adjust potentiometer "P2" for a output reading of 16.0 rnA 
8. Repeat steps 4, 5, 6, and 7 as necessary until proper readings are maintained. 
9. Calibration complete. 

NOTE: 
Do not adjust 
P3. This is a 
factory 
setting. 

r;:::::======::::::;-1 

HHM29 

[ 16.00 rnA ) 

0 
L---+-----, 

PSU·93 

HX92·CA 
CALIBRATION BOTTLE 

Figure 6 - HX93AC Calibration Procedure 
Relative Humidity Adjustment 7 



HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

13. Calibration Procedure for HX93AC (all styles) 

8 

Temperature Adjustment 
Recommended equipment: 

• RTD Simulator OMEGA'" Model No.: CLSl0-1 
• Handheld Digital Multi-meter, OMEGA"' Model No.: HHM29 
• De Power Supply, OMEGA" Model No.: PSU-93 

1. Remove enclosure cover 
2. Connect the power supply and multimeter as shown in the figure 

below. 
3. Disconnect the 2-wire Connector "J4" from the main Board. 
4. Connect the RTD simulator to the "J4" header on the main board as 

shown below. 
5. Apply power to transmitter and allow to warm up for 10 min. 
6. Set the RTD simulator to the 0°F position. 
7. Adjust potentiometer ."PS" on the main board for a output reading 

of 4.43 rnA @ 0°F 
8. Set the RTD simulator to the 150°F position. 
9. Adjust potentiometer "P4" for a output reading of 18.46 rnA 150°F 
10. Repeat steps 6, 7, 8 and 9 as necessary until proper readings are 

maintained. 
11. Calibration complete. 

HHM29 

[ 1841mA) 

0 
'---+--, 

PSU-93 

Figure 7- HX93AC Calibration Procedure 
Temperature Adjustment 
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HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

14. Calibration Procedure for HX93AV (all styles) 
Relative Humidity Adjustment 

Recommended equipment: 

• Humidity Calibration Kit, OMEGA'" Model No.: HX92-CAL 
• Handheld Digital Multi-meter, OMEGA® Model No.: HHM29B 
• De Power Supply, OMEGA" Model No.: PSU-93 

1. Remove enclosure cover. 
2. Connect transmitter as shown in figure below. 
3. Apply power to transmitter and allow to warm up for 15 min. 
4. Place unit in a 11% RH environment and allow to stabilize for 15 min. 
5. Adjust potentiometer "P3" for a output reading of .110 V de. 
6. Place unit in a 75% RH environment and allow to stabilize for 15 min. 
7. Adjust potentiometer "P2" for a output reading of .750 Vdc. 
8. Repeat steps 4, 5, 6, and 7 as necessary until proper readings are 

maintained. 
9. Calibration complete . 

HHM29 

PSU-93 

HX92-CA 
CALIBRATION BOTILE 

Figure 8- HX93A V Calibration Procedure 
Relative Humidity Adjustment 
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HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

15. Calibration Procedure for HX93AV (all Styles) 

10 

Temperature Adjustment 
Recommended equipment: 

• 100 Ohm RTD Simulator OMEGA" Model No.: CLSl0-1 
• Handheld Digital Multi-meter, OMEGA® Model No.: HHM29 
• De Power Supply, OMEGA 411 Model No.: PSU-93 
1. Remove enclosure cover 
2. Connect the power supply and multimeter as shown in the figure 

below. 
3. Disconnect the 2-wire Connector "J4" from the main Board. 
4. Connect the RTD simulator to the "}4" header on the main board as 

shown below. 
5. Apply power to transmitter and allow to warm up for 10 min. 
6. Set the RTD simulator to the 0°F position. 
7. Adjust potentiometer "PS" on the main board for a output reading 

of0.023 Vdc 
8. Set the RTD simulator to the 150°F position. 
9. Adjust potentiometer "P4" for a output reading of 0.901 Vdc 
10. Repeat steps 6, 7,8 and 9 as necessary until proper readings are 

maintained. 
11. Calibration comp Iete. 

HHM29 

PSU·93 

Figure 9 - HX93A V Calibration Procedure 
Temperature Adjustment 
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HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

15A. Display Scaling for HX93DAC (all styles) 
Your HX93DA transmitter comes with dual built-in LCD indicators for 
displaying both Humidity and Temperature. Before the meter 
adjustment or re-scaling can be done the transmitters current output 
should be checked as per the calibration procedure in Section 12 and 13 
to verify the display will be adjusted correctly and match the analog 
output. 

Relative Humidity Display Scaling 

Recommended equipment: 

• Humidity Calibration Kit, OMEGA® Model No.: HX92-CAL 
• Handheld Digital Multi-meter, OMEGA® Model No.: HHM29 
• De Power Supply, OMEGA® Model No.: PSU-93 

1. Remove enclosure cover 

2. Connect transmitter as shown in figure 6. 

3. Apply power to transmitter and allow to warm up for 15 min. 

4. Place unit in a 11% RH environment and allow to stabilize for 15 min . 

5. Adjust potentiometer "ZERO" on the back of the RH display for a 
reading of 11.0% 

6. Place unit in a 75% RH environment and allow to stabilize for 15 min. 

7. Adjust potentiometer "GAIN" on the back of the RH display for a 
reading of 75.0% 

8. Repeat steps 4, 5, 6, and 7 as necessary until proper readings are 
maintained. 

9. Re-scaling complete. 

TRANSMITTER LID REAR VIEW 

ZERO POTENTIOMETER --1111--44 

GAIN POTENTIOMETER -Hi--+--

ZERO POTENTIOMETER --IH!---14 
GAIN POTENTIOMETER -1!1----11-JG 

RELATIVE HUMIDITY 
INDICATOR 

TEMPERATURE 
INDICATOR 

Figure 10- Transmitter Lid Rear View 
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Temperature Display Scaling 

Recommended equipment: 

• RTD Simulator OMEGA"' Model No.: CLSl0-1 
• Handheld Digital Multi-meter, OMEGA"' Model No.: HHM29 
• De Power Supply, OMEGA"' Model No.: PSU-93 

For oF Display 

1. Remove enclosure cover 

2. Connect the power supply and multimeter as shown in the figure 7. 

3. Disconnect the 2-wire Connector "]4" from the main Board. 

4. Connect the RTD simulator to the "}4" header on the main board as 
shown below. 

5. Apply power to transmitter and allow to warm up for 10 min. 

6. Set the RTD simulator for oop output. (See figure on page 11.) 

7. Adjust potentiometer "ZERO" on the back of the Temp display for a 
reading of 0.0°F 

8. Set the RTD simulator for 150°F output. 

9. Adjust potentiometer "GAIN" on the back of the RH display for a 
reading of 150.00F 

10. Repeat steps 6, 7, 8 and 9 as necessary until proper readings are 
maintained. 

11. Calibration complete. 

For °C Display 

12. Remove enclosure cover 

13. Connect the power supply and multimeter as shown in the figure 7. 

14. Disconnect the 2-wire Connector "J4" from the main Board. 

15. Connect the RTD simulator to the "}4" header on the main board as 
shown below. 

16. Apply power to transmitter and allow to warm up for 10 min. 

17. Set the RTD simulator for 0°C output. (See figure on page 11.} 

18. Adjust potentiometer "ZERO" on the back of the Temp display for a 
reading of 0.0°C 

19. Set the RTD simulator to the 150°C output. 

20. Adjust potentiometer "GAIN" on the back of the RH display for a 
reading of 150.0°F 

21. Repeat steps 6, 7, 8 and 9 as necessary until proper readings are 
maintained. 

Calibration complete. 

• 
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HX93A, HX93DA SERIES .,., 

---------R-H_/_T_e_m_p_e_ra_t_u_re_T_r_a_n_s_m_iH_e_r _ _._ 

16. Maintenance 
If your Humidity transmitter will be used in a dusty environment, the 
protective sensor filter, if clogged, may be removed for cleaning. 
Unscrew the protective cover and gently blow compressed air through 
the filter screen. A soft brush may also be used to remove dirt particles 
from the screen. 

If the sensor is subjected to 100% condensation, it must be dried to 
obtain correct readings. There will be no permanent damage or 
calibration shift to the unit. 

Units should not be exposed to high concentrations of ammonia or 
alcohol vapors. 

17. Specifications 
Relative Humidity 

Measuring Range: 3 - 95% (non-condensing) 

Accuracy: ±2.5% @ 72°F witl1 an added temperature 
coefficient error of -.06% RH;oF (both 
increasing and decreasing in temperature). 

Repeatability: 

Operating 
Temperature Range: 

Output: 
Model: HX93AC 
Model : HX93A V 

Power: 

Max Loop Resistance: 

RH Time Constant (90% 
response at 25°C, in 
moving air at lm/s): 

Sensor Type: 

Temperature 
Measuring Range: 

Accuracy: 

Repeatability: 

Output: 
Model: HX93AC 
Model : HX93A V 

Power: 
No Displays 
With Displays 

±1 %RH 

-20 to 75°C (-4 to 167'F) 

4 to 20 rnA (Scaled for 0 to 100% RH) 
0 to 1 Vdc (Scaled for 0 to 100% RH) 

6-30 Vdc@ 20mA 

Ohms= (V supply- 6 V)/.02 A 

>10 seconds, 10 to 90% RH 
>15 seconds, 90 to 10% RH 

Thin Film Polymer Capacitor 

-20 to 75°C (-4 to 167'F) 

± 0.6°C (1 °F) 

± 0.3°C (O.SOF) 

4 to 20 rnA (Scaled for 0 to 100% RH) 
0 to 1 Vdc (Scaled for 0 to 100% RH) 

6-30 Vdc@ 20mA 
12-30 Vdc@ 30mA 13 



HX93A, HX93DA SERIES 
RH/Temperature Transmitter 

Max Loop Resistance: 

Sensor Type: 

18. General Specifications 
Enclosure Housing: 

Connections 
Cable Strain Relief: 

Wire Connections: 

Dimensions: 

Weight 
Wall Mount Model: 
Duct Mount Model: 

14 

Ohms= (V supply- 6 V)/.02 A 

100 Ohm Platinum RT 

Gray Polycarbonate, (IP 65, DIN 40050) 
NEMA rated up to 13, UL Listed. 

Nylon, Liquid-tight with neoprene gland for 
2.29 to 6.73 mm (.09 to .265") diameter cable. 
Intema13-Position Terminal Strip. Accepts 
from 14 to 22 gage wire. 

See "Mounting" Section 

82 g. (3 oz) 
100 g. (3.5 oz) 

I, 
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OMEGA ENGINEERING, INC. warrants this unit to be free of defects in materials and 
workmanship for a period of 13 months from date of purchase. OMEGA's Warranty adds an 
additional one (1) month grace period to the normal one 111 year product warranty to cover 
handling and shipping time. This ensures that OMEGA's customers receive maximum 
coverage on each product. · 

If the unit malfunctions, it must be returned to the factory for evaluation. OMEGA's Customer 
Service Department will issue an Authorized Return (AR) number immediately upon phone or 
written request. Upon examination by OMEGA, if the unit is found to be defective, it will be 
repaired or replaced at no charge. OMEGA's WARRANTY does not apply to defects resulting 
from any action of the purchaser, including but not limited to mishandling, improper interfacing, 
operation outside of design limits, improper repair, or unauthorized modification. This 
WARRANTY is VOID if the unit shows evidence of having been tampered with or shows evidence 
of having been damaged as a result of excessive corrosion; or current, heat, moisture or vibra
tion; improper specification; misapplication; misuse or other operating conditions outside of 
OMEGA's control. Components which wear are not warranted, including but not limited to 
contact points, fuses, and triacs. 

OMEGA is pleased to offer suggestions on the use of its various products. However, 
OMEGA neither assumes responsibility for any omissions or errors nor assumes liability 
for any damages that result from the use of its products in accordance with information 
provided by OMEGA, either verbal or written. OMEGA warrants only that the parts 
manufactured by it will be as specif'1ed and free of defects. OMEGA MAKES NO OTHER 
WARRANTIES OR REPRESENTATIONS OF ANY KIND WHATSOEVER, EXPRESS OR 
IMPLIED, EXCEPT THAT OF TITLE, AND ALL IMPUED WARRANTIES INCLUDING ANY 
WARRANTY OF MERCHANTABIUTY AND FITNESS FOR A PARTlCULAR PURPOSE ARE 
HEREBY DISCLAIMED. UMITATION OF UABIUTY: The remedies of purchaser set forth 
herein are exclusive, and the total liability of OMEGA with respect to this order, whether 
based on contract, warranty, negligence, indemnification, strict liability or otherwise, shall 
not exceed the purchase price of the component upon which liability is based. In no event 
shall OMEGA be liable for consequential, incidental or special damages . 

CONDITIONS: Equipment sold by OMEGA is not intended to be used, nor shall it be used: (1) as 
a "Basic Component" under 10 CFR 21 (NRC), used in or with any nuclear installation or activity; 
or (2) in medical applications or used on humans. Should any Product(s) be used in or with any 
nuclear installation or activity, medical application, used on humans, or misused in any way, 
OMEGA assumes no responsibility as set forth in our basic WARRANTY/DISCLAIMER language, 
and, additionally, purchaser will indemnify OMEGA and hold OMEGA harmless from any liability 
or damage whatsoever arising out of the use of the Product(s) in such a manner. 

m ,,,ilJ:EE& ,a:idM RETURN REQUESTS/INQUIRIES !i;ilililMR. , >~llivMtu 
Direct all warranty and repair requests/inquiries to the OMEGA Customer Service Department. 
BEFORE RETURNING ANY PRODUCT(S) TO OMEGA, PURCHASER MUST OBTAIN AN 
AUTHORIZED RETURN (AR) NUMBER FROM OMEGA'S CUSTOMER SERVICE DEPARTMENT 
(IN ORDER TO AVOID PROCESSING DELAYS). The assigned AR number should then be 
marked on the outside of the return package and on any correspondence. 
The purchaser is responsible for shipping charges, freight, insurance and proper packaging to 
prevent breakage in transit. 

FOR WARRANTY RETURNS, please have 
the following information available BEFORE 
contacting OMEGA: 
1. Purchase Order number under which 

the product was PURCHASED, 
2. Model and serial number of the product 

under warranty, and 
3. Repair instructions and/or specific 

problems relative to the product. 

FOR NON-WARRANTY REPAIRS, consult 
OMEGA for current repair charges. Have the 
following information available BEFORE 
contacting OMEGA: 
1. Purchase Order number to cover the 

COST of the repair, 
2. Model and serial number of the 

product, and 
3. Repair instructions and/or specific problems 

relative to the product. 
OMEGA's policy is to make running changes, not model changes, whenever an improvement is possible. 
Th1s affords our customers the latest in technology and engineering. 
OMEGA is a registered trademark of OMEGA ENGINEERING, INC. 
© Copyright 2003 OMEGA ENGINEERING, INC. All rights reserved. This document may not be copied. photocopied, 
reproduced, translated, or reduced to any electronic med1um or machine-readable form, in whole or m part, without 
the prior written consent of OMEGA ENGINEERING, INC . 



Where Do I Find Everything I Need for 
Process Measurement and Control? 

OMEGA ••• Of Course! 
Shop online at www.omega.com 
TEMPERATURE 
ij;3' Thermocouple, RID & Thermistor Probes, Connectors, Panels & Assemblies 
ij;3' Wire: Thermocouple, RID & Thermistor 
ij;3' Calibrators & Ice Point References 
ij;3' Recorders, Controllers & Process Monitors 
ij;3' Infrared Pyrometers 

PRESSURE, STRAIN AND FORCE 
ij;3' Transducers & Stram Gages 
ij;3' Load Cells & Pressure Gages 
ij;3' Displacement Transducers 
ij;3' Instrumentation & Accessones 

FLOW/LEVEL 
ij;3' Rotameters, Gas Mass Flowmeters & Flow Computers 
ij;3' Air Velocity Indicators 
ij;3' Turbine/Paddlewheel Systems 
ij;3' Totalizers & Batch Controllers 

pH/CONDUCTIVITY 
ij;3' pH Electrodes, Testers & Accessories 
ij;3' Benchtop/Laboratory Meters 
ij;3' Controllers, Calibrators, Simulators & Pumps 
ij;3' Industrial pH & Conductivity Equipment 

DATA ACQUISITION 
ij;3' Data Acquisition & Engineermg Software 
ij;3' Communications-Based AcquiSition Systems 
ij;3' Plug-in Cards for Apple, IBM & Compatibles 
ij;3' Datalogging Systems 
ij;3' Recorders, Printers & Plotters 

HEATERS 
ij;3' Heatmg Cable 
ij;3' Cartridge & Strip Heaters 
ij;3' Immersion & Band Heaters 
ij;3' Flexible Heaters 
ij;3' Laboratory Heaters 

ENVIRONMENTAL 
MONITORING AND CONTROL 
ij;3' Metering & Control Instrumentation 
ij;3' Refractometers 
ij;3' Pumps & Tubing 
ij;3' Air, Soil & Water Monitors 
ij;3' Industrial Water & Wastewater Treatment 
ij;3' pH, Conductivity & Dlssolved Oxygen Instruments M0933A/0703 
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Switching & Controls 

Timers 

Selection Guide ....................................... 792 

ATE Series- Analog Timers ..................... 798 
Accessories....................... . .... .. .... ... .... 803 
Dimensions .................................................. 804 

GT3A Series- Analog Timers .................. 805 

GT3D -Digital Timers ........................... 813 

GT3F Series- True OFF Delay Timers ....... 826 

GT3S (Star-Delta) Timers ............................ 831 

GT3W Series- Dual Time Range Timers. 834 

GT3 Series........ ..... . ............................... 838 
Accessones .............. .. . .. . ..... .... .... .. 838 
Dimensions. ............ .. ..... ..................... . .. 842 

GE1 A Series- ON Delay Timers ............. 844 
Accessories.................. ....... ........ .... .. ...... 846 
D1mensions .. ..................... . ..... ... .. .... 847 

GT5P Series - ON Delay Timers .............. 848 
Accessories........................... ... . .. 851 
Dimens1ons ........................... . ... .. ... .. 852 

GT5Y Series- ON Delay Timers........ .. 853 
Accessones ............................................... 856 
Dimens1ons .... . ...... . . . ... 857 

General instructions for All Timer Series .. 858 

(I DEC 
For more information on this product family, visit our website. 

Additional resources include: 

• New and updated product information • Downloadable manuals & CAD drawmgs 
• Downloadable software demos & upgrades • Manufacturer's suggested retail pnce list 
• Part configuration tool & cross reference • Product tra1mng schedule & locat1ons 
• Online stock check & ordenng • Advertising & trade show schedules 
• I DEC field sales & distributor search • Press releases & FAOs 
• Online literature request 

www.idec.com/timer 
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(I DEC Selection Guide 

Selection Guide:\RJJi GTJA, GTJD, and GTJF Series 

Appearance 

Mode of Operation 

Time Range 

Repeat Accuracy 
~--~ -~--~ v~ -·--- •--- • ~~--

Contact Load Rating 
: (res1St1ve) 

Available Operating 
Voltage 

, Approvals 

·! ON-delay 
Interval 
OFF-delay 
One-shot 

1 
Cycle (ON first) 

1 Cycle (OFF first) 
[ Signal OFF delay 
! __ ~,g~ai_()-~/OFF ~elay 
· 0.1 second to 600 hrs 

±0.25% max1mum 
1 - __ , -~-~~~"" ·--~-~~ --- ~-

j10A, 240VAC 
' 

Timers 

Selection Guide 

--------- -~ -~--r--- -----·· ~ --------- ------ '" 
1 ON-delay 
/Interval 
, One-shot 

One-shot ON delay 
Cycle 
Signal OFF delay 
S1gnal ON/OFF delay 

j 

I True OFF-delay 

I 
I 

· 0 01 second to 99 9 hrs - ~~~-~-----la 1 -~~~BOO .se~~nds - ~- ·-- ----

SPOT. OPOT 

±0 3% max1mum 

r sPoT:-3A~-25ovAc 
: OPOT 5A. 240V AC 

---1 SP~T. OPD!. _ 
±0 4% max1mum 

5A. 250VAC 

• 

100 to 240V AC 
24V AC/DC 

100 to 240V AC 
24V AC/DC •• ' 

A 1. Forlim1ng 
~ 2. For all senes specific mstruct1ons. accessones. and d1mens1ons. see the IndiVIdual senes sec110n 

• 
792 www.idec.com 



Timers 

Selection Guide 

• Selection Guide: RTE, GT3A, GTJD, and GT3F Series 

Appearance 

Mode of Operation Star-Delta 

Sequential start 
ON-delay 
Recycler and instantaneous 
Recycler OFf start 
Recycler ON start 

, Interval 
' Interval ON delay 

... -------·-- _ . J ~equential interval 

Star Side 0 05s to 100s J 
Star-delta Switchmg Time 0.1 s to 300 hrs 
0 05, 0 1, 0 25. 0.5 seconds 
~ ~ v -·---~ -~~~ •»~~ -

SPST-NO l DPOT 
'~~ l ±0 2% max1mu. __ m~~~~~ 

• 3A, 250V AC 

ON-delay 

0 1s to 10 hrs 

SPOT,OPOT 

5A,240VAC 

Repeat Accuracy 

Contact Load Rating 
' (resistive) i SA, 120V AC/30V DC 

''"'"'"'"'''~--~~~~·-···-

• 
Available Operating 
Voltage 

Approvals 
UL L1sted 
c-ul L1sted 
CE 

For Tim1ng 01agrams Overv1ew. see page 794 

100 to 240V AC 
12V DC 
24VAC/DC 

ULL1sted 
c-ul Listed 
CE 

24VAC!OC 
110to 120VAC 
220 to 240V AC 

UL Listed 
c-ul listed 
TUV 
CE 

For all senes spec1fic 1nstruct1ons. accessones. and d1mens1ons. see the 1ndov1dual seroes sect1on 

• 

Selection Guide 

ON-delay ON-delay 

0 1s to 10 mmutes • 0 1s to 1 hour 

.. ,._ • '1 ~- ~ 

SPOT ... ~ -~ .. _ ---~_ll:)PDT. 4POT 
: ±0 2% max1mum 

100 to 120V AC 
100 to 120V AC 

200 to 240V AC 200 to 240V AC 

12VOC 
12VOC 

24V DC 
24V DC 
24VAC 

UL recogmzed 
UL listed 

TUV 
c-ul Listed 

CSA 
CE 

CE 

USA: 800-262-IDEC Canada: 888-317-IDEC 

f[IDEC 

::00 

"' iii 
< 
"' QO 
(I) 
0 .., ,.. 
"' fA 

793 



DEC Timing Diagrams Overview Timers 

Timing Diagrams Overview 

! Guide to Reading liming Function Diagrams 
:;1 -.5! Power 
a: Applied 
ell 

TlmerPower 

NO Contact Closes 1 If power rs drsconnected dunng actual trming, most electromc trmers reset to the 
preset t<me. ready for the re-apphcatron of supply voltage 
(except for GT3f "true OFF Oelay"} 

NC Contact Opens 

Timer Beg1ns Counting 

2 NO = Normally open 
3 NC = Normally closed 

ON-Delay 1 (power start) 

liming Function Diagrams Overview 

ON-Delay 2 (signal start) 

When voltage IS applied to the COli, the relay contacts remam m the off state 
and the set time begins When the set time has elapsed, the relay contacts 
transfer to the on state. The contacts rema1n 1n the on state unt1l the t1mer is 
reset The timer is reset by removing the COli voltage Applicable models: RTE
P(B}1. GT3A-1, -2. -3. GT30-1. -2. -3. -4, and GE1A. 

I Power~~--------------------~--

I I 
T I 

!ypeNo. __ _ GT3D-1. -2, ·3, -4 RTE·*1 

Voltage is applied to the coil at all t1mes. When a start mput is supplied. the 
relay contacts remain m the off state and the set t1me begins When the set 
t1me has elapsed, the relay contacts transfer to the on state. The contacts 
rema1n in the on state until the t1mer is reset The timer is reset by applying a 
reset mput or by removing the coil voltage Applicable models GT3A-4. GT30-4 
and RTE-P(B} 2 

ou~utr-~--------~--------------

r 
i RTE-"2 

• 

• 
' Mode A 

805 

1-A A Type No. -- r· - A 
- ___ j 

SeePage 

Type No. 

SeePage 

GE1A 

844 

lnterval1 (power start) 

813 798 

GTSP GT5Y 

813 853 

When voltage is applied to the cot I, the relay contacts transfer immedtately to 
the on state and the set time begms. When the set t1me has elapsed. the relay 
contacts transfer to the off state The contacts remain m the off state until the 
t1mer IS reset. The timer IS reset by removing the coil voltage Applicable models 
RTE-P(B)1, GT3A-1, -2. -3. and GT30-1. -2. -3, -4 

Power ~~r---------, 
Ou~ut~. ~~~--------~-------------

1 T 

Type N~.-- --T GT3A-1, -2,-3 
- -···· . ___ L....: 

Mo~ I B 
SeePage 805 

B 

798 

Mode 

SeePage 

lnterval2 (signal start) 

798 

Voltage 1s applied to the coil at all t1mes When a start stgnal1s supplied. the 
relay contacts transfer Immediately to the on state and the set t1me begins 
When the set t1me has elapsed. the relay contacts transfer to the off state The 
contacts rematn in the off state unt1l the t1mer IS reset The timer is reset by ap
plying a reset tnput or by remov1ng the coil voltage. Applicable models: GT3A-5 
and GT30-4 

Mode 

SeePage 

0 

T =set trme, r = shorter than set time, Ts =one shot output time 
For more detarled trmrng dragrams. see specrficatrons for rndrvidual timer models 

794 www.idec.com 
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Timers 

Cycle 1 (power start, OFF first) 

• 
When voltage is appl1ed to the coil. the contacts remain in the off state and the 
set t1me begins At the end of the set time, the contacts transfer to the on state 
and remam 1n the on state unt1l the set time elapses. The t1mer cycles between 

• 

the two states until power IS removed from the coil Removing the coil voltage 
resets the timer. The set time for both the on state and the off state IS the 
same. Applicable models GT3A-1. -2. -3. GT30-1. -2. -3, -4 and RTE-P(B)1. 

Power 1---'------------L--1 

output 1-+----J..__I_----~.I _ ____J.n____J._ 

I T I T I 
Type No. 

- .. 

Mode 

See Page 

T 

GT3A-1. -2, -3 r- c 
805 

Cycle 3 (power start, ON first) 

GT3D-1. -2. -3, -4 

1-C 

813 

RTE-*1 

c 
798 

When voltage is applied to the coil. the contacts Immediately transfer to the on 
state and the set t1me begms. At the end of the set time. the contacts transfer 
to the off state and remain in the off state until the set t1me elapses. The t1mer 
cycles between the two states until power is removed from the coil Removmg 
the coil voltage resets the timer The set time for both the off state and the 
on state is the same Applicable models GT3A-1, -2. -3, GT30-1. -2. -3. -4 and 
RTE-P(B)l 

Power I i 
Output 1----'--:r---_-_ ----~----'---.....___ 

~~--T--~-~T-~~---T-~ 
Type No. ___ GT3A-1. -2.-3 GT3D-1, -2. -3, -4 ·r .. T l"" Mode 0 1-0 

See Page 805 813 

One Shot 1 (signal start, retriggerable) 

RTE-•1 
--- ----- - _, 

0 

798 

Voltage 1s applied to the coil at all times. When a start signal1s supplied. the 
contacts immediately transfer to the on state and the set t1me begms. If another 
start s1gnal is supplied (before set time has elapsed) the set t1me restarts, 
as the contacts remam in the on state. Successive pulses at a frequency 
greater than the set t1me will cause the contacts to remain m the "On state" 
mdefinitely When the set time has elapsed the contacts transfer back to the off 
state. The contacts remam m the off state until the next start signal1s supplied 
(no reset is necessary) The t1mer can be reset by application of a reset input or 
by removmg coil voltage. Applicable models· GT3A-6 and GT30-4 

•
, - . .!YJI!.~I!-__ ---•- -

Mode ' 

GT3A·6 GT3D-4 

A 3-C 

See Page 805 813 

USA: 800-262-IDEC 

Timing Diagrams Overview [I DEC 

Cycle 2 (signal start, OFF first) 

Voltage is applied to the coil at all t1mes When a start signal1s supplied. the 
relay contacts remain in the off state and the set time begins. At the end of the 
set t1me, the contacts transfer to the on state and remain m the on state until 
the set t1me elapses The timer cycles between the two states unt1l the timer 
IS reset. The set t1me for both the on state and the off state are the same. The 
t1mer IS reset by application of a reset 1nput or by removing coil voltage Ap
plicable models GT3A-4, GT30-4 and RTE-P(B) 2. 

Start Input 1-----'----'-----------

1- --- - - - - ---~~~ 

l ....... !!!'e No. ___ _ 
Mode 

See Page 805 813 798 

One Shot Cycle (signal start) 

Voltage 1s appl1ed to the coil at all times When a start signal is supplied, the con
tacts rema1n 1n the off state and the set time begins At the end of the set time, 
the contacts transfer to the on state and rema1n m the on state for the set time. 
A her the set t1me has elapsed. the contacts return to the off state The contacts 
remam in the off state until the t1mer IS reset. The timer is reset by application of 
a reset input or by removmg co1l voltage Applicable models GT3A-5 and GT30-4 

start Input 1---'n_...._ _________ _ 

Output ~+---'---1 _ ____._1 ___ _ 
T I T I 

Type No. GT3A-5 
~M"o.i~ ·- ·--- ------ -,------- · ---8 ··- ·- --··r·-

See Page 805 

One Shot 2 (signal start) 

GT3D-4 

2-F 

813 

Voltage 1s applied to the coil at all t1mes. When a start s1gnal is supplied. the 
contacts 1mmed1ately transfer to the on state and the set t1me begins. If another 
start signal is supplied (before set time has elapsed). the set time will not be 
affected. When the set time has elapsed, the contacts transfer back to the off 
state The contacts remain in the off state until the next start signal is supplied 
(no reset is necessary) The timer can be reset by application of a reset input or 
by removing coil voltage. Applicable models GT3A-6. GT30-4, and RTE-P(B)2. 

~~ ---- -~ ---- ~- -- -·--- -~--r-------- --~--~r· --~ ---·- -~---, 

' Type No. GT3A-6 GT3D-4 RTE-~ 
·-Mode······--~~----~ -c·-·--·--r-- --;~--------~~-----------~ 

See Page 805 813 798 

/\ 1 T =set t1me. T' =shorter than set time. Ts =one shot output lime 
~ 2 For more detailed t1m1ng d1agrams. see spec1ficat1ons for 1nd1v1dual t1mer models 

Canada: 888-317-IDEC 795 



(I DEC Timing Diagrams Overview 

f! -g. 
:.:::; 
::.. 

"' ii. .. 
Q 

"' ... 
"' 7S 
~ 

CQ -·; 
!:! 
u 

Signal ON/OFF-Delay 1 

Voltage is supplied to the coil at all t1mes When a maintamed start s1gnal1s 
supplied. the contacts immed1ately transfer to the on state and the set t1me be
gms. When the set time has elapsed, the contacts transfer to the oft state The 
contacts remam m the oft state until the start s1gnal IS removed The contacts 
transfer back to the on state and remam in the on state for the set t1me. When 
the set time has elapsed. the contacts transfer to the oft state and remain in the 
oft state until the start signal is supplied agam (no reset IS necessary) The timer 
IS reset by application of a reset mput or by removing coil voltage Applicable 
models: GT3A-4. GT3D-4 and RTE-R(B)2. 

-'~1 
! 

Output 

T T I 
Type No. GT3A-4 GTJD-4 RTE·*2 

Mode c 2-C 0 

SeePage 805 813 798 

Signal ON/OFF-Delay 3 

Voltage 1s supplied to the co1l at all times. When a momentary start signal1s 
supplied. the contacts remain in the oft state and the set t1me begms When the 
set time has elapsed, the contacts transfer to the on state The contacts remain 
in the on state until another momentary input is supplied The contacts then 
remain in the on state for the set time. When the set t1me has elapsed. the con
tacts transfer to the oft state and remam 1n the oft state until the start signal is 
supplied again (no reset is necessary). The t1mer is reset by application of a reset 
mput or by removing coil voltage Applicable models: GT3A-6 and GT3D-4 

·~-I 
Output b, I 

r ~~--~---~~ M~ 

Type No. GT3A-6 
Mode 0 

See Page 805 

One Shot ON-Delay (signal start) 

~' 
-~ 

GTJD-4 

3-F 

813 

When voltage 1s applied to the co1l, the preset time is initiated and the contacts 
remain in the oft state for the preset t1me. Following the preset t1me, the 
contacts transfer to the on state. and remam m the on state until the start mput 
1s supplied. Following the start mput, the contacts transfer to the oft state for 
the preset time. Aher the preset t1me has elapsed, the contacts transfer back to 
the on state and remam there until either the next start mput IS supplied or the 
timer is reset. The timer can be reset by e1ther a reset mput or removal of the 
coil voltage. Applicable models· GT3A-6 and GT3D-4. 

-~1 E I Output 

~ 
Type No. GT3A-6 GT3D-4 

····~~-~-~-

Mode a 3-D 

See Page 805 813 

Timers 

Signal ON/OFF-Delay 2 

Voltage 1s supplied to the coil at all times. When a mamtamed start signal is 
supplied. the contacts rema1n in the oft state and the set time begms. When 
the set t1me has elapsed, the contacts transfer to the on state The contacts 
remam m the on state until the start signal1s removed Once the start Signal 
IS removed, the contacts remarn rn the on state and the set t1me begrns again. 
Once the set t1me has elapsed. the contacts transfer back to the oft state. The 
t1mer IS ready for the next start s1gnal The timer is reset by the application of a 
reset s1gnal or removal of power Applicable models: GT3A-5 and GT3D-4. 

Mode 

SeePage 

Signal OFF-Delay 1 

GTJA-5 
c 

805 

GT3D-4 
3-A 

813 

Voltage is applied to the coil at all t1mes When a start signa Its supplied, the 
contacts 1mmed1ately transfer to the on state. The set time begins when the 
start signal is removed When the set time has elapsed. the contacts transfer 
to the oft state The contacts remain m the oft state until the next start stgnalls 
supplied (no reset is necessary) The t1mer can be reset by application of a reset 
input or by removmg co1l voltage Applicable models· RTE-P(B)2. GT3A-4. and 
GT3D-4. 

Typ~.No. ___ L_ ___ GT3A-4 

Mode 
1 

See Page 

Signal OFF-Delay 2 

GT30-4 

2·D 

813 

RTE-"2 
----~~ 

E 

798 

Voltage is applted to the coil at all t1mes When a maintained start s1gnal is sup
plied. the contacts remain in the oft state. When the "start signal is removed". 
the contacts transfer to the "On state" and the set time begrns. When the set 
t1me has elapsed. the contacts transfer back to the oft state They remain in 
the oft state until the next start signal is supplied (no reset is necessary. The 
t1mer can be reset by application of a reset input or by remov1ng coil voltage. 
Applicable models: GT3A-5 and GT3D-4 

Mode 

SeePage 

Slart Input I 

Output~.----------~------L--

-------- ---- --- --------; 

0 

805 

GT3D-4 
3-8 

813 

• 

• 

T = set time. T' = shorter than set tome. Ts =one shot output lime • For more delailed trmmg d•agrams. see spec1ficatrons for mdrvrdual t1mer models 
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Timers 

ON-Delay One-Shot Output 1 (signal start) 

Voltage is applied to the coil at all t1mes. When a momentary start Signal is sup
plied. the contacts rema1n in the off state and the preset t1me begms. Followmg 
the preset time, the contacts transfer to the on state and remain in the on state 
for the one-shot preset time. Followmg the one-shot preset time. the contacts 
transfer back to the off state and remain there until the t1mer is reset The timer 
can be reset by applying either a reset input or removal of the coil voltage Ap
plicable model. GT3D-8 

Type No. 

Mode 

See Page 

GT3D-8 

813 

ON-Delay One-Shot Output 2 (signal start) 

Voltage 1s applied to the coil at all t1mes. When a mamtained start signal is sup
plied, the contacts remain in the off state and the preset t1me begms Followmg 
the preset time (start input IS still present). the contacts transfer to the on state 
and remam m the on state for the one-shot oreset t1me. When the one-shot 
preset time has elapsed, contacts transfer back to the off state and remain 
there until timer is reset. The t1mer can be reset by a reset mput, removal of the 
coil voltage or removal of start input. Applicable model. GT3D-8 

Start Input f----1..-------------L~-

Type No_ 

Mode 

See Page 

Output f--+-------'-1 __ ..__1_ 
I Ts I 

GTJD-8 

3 

813 

T 

Sequential Start (power start) 

When voltage IS applied to the coil, both contacts remam m the OFF state 
and the set time, T1, begins When T1 has elapsed. output 1 comes on and T2 
begms. When T2 has elapsed, output 2 comes on Both outputs remam on until 
power is removed from the coil Applicable model: GT3W-A 

I 

Start Input 1-+---'---------'--~-

Output f--+---+---..__1 __ ----JI.___ 
~____g__j 

Type No. GTJW-A 

Mode A 

• See Page 834 

USA: 800-262-IDEC 

Timing Diagrams Overview [I DEC 

Cycle One-Shot Output (signal start) 

Voltage IS applied to the coil at all t1mes When a momentary start Signal Is sup
plied, the contacts remam in the off state and the preset time begms. Followmg 
the preset t1me, the contacts transfer to the on state. The contacts remain in 
the on state for the one-shot preset t1me A her the one-shot preset time has 
elapsed. the contacts transfer back to the off state The contacts remain in the 
off state for the preset t1me minus the one-shot preset time The timer cycles 
between on and off states until the t1mer is reset by a reset input or removal of 
the coil voltage. Applicable model. GT3D-8. 

Start Input 1---'---L-----------

Type No. 

Mode 

See Page 

GTJD-8 

2 

813 

True Power-OFF Delay 

When voltage IS applied. output comes on immediately, when voltage is 
removed from the coil, the timer begms timing (internal capacitors power the 
timing CirCUit). When time has expired. contacts transfer back to the OFF state. If 
power IS reapplied before the elapsed t1me has exp1red, the tim1ng function will 
reset back to the starting point Applicable models· GT3F-1, 2 

Start Input I 

Outputr· ~~---------~~--w 

Recycler Outputs (power start) 

When voltage is applied to the coil, both contacts remam 1n the off state and 
time T1 begins When T1 has elapsed. both contacts transfer to the ON state 
and T2 begms When T2 has elapsed, both contacts transfer back to the OFF 
state and T1 begins agam The cycle continues until power IS removed, at wh1ch 
t1me both contacts transfer back to the OFF state. Applicable model: GT3W-A 

Start Input I 
Output I-· __ .__0_.______.___0_.___ __ 

1---'T-'-1--ti ~.,;_T2'"-III-'T-'-1 -~ 

See Page 834 

/:t, 1 T =set t1me. T' = shorter than set t1me. Ts =one shot output t1me d 2 For more detailed tim~ng d1agrams. see spec,frcat1ons lor indiVIdual t1mer models 

Canada: 888-317-IDEC 797 



~DEC RTE Series Timers 

RTE Series - Analog Timers • ~ Key features of the RTE series include: 
~ • 20 time ranges and 10 timmg functions 
.E • Time delays up to 600 hours 
ii: 
o<! • Space-saving package 
re • High repeat accuracy of :t 0.2% 
~ • ON and t1mmg OUT LED indicators 
J; • Standard 8- or 11-p1n and 11-blade termination 

• 2 form C delayed output contacts 
• 10A Contact Ratmg 

TOV Cart No E9950913332316IEMC.RTE) 
I'I!ODUO srRVIC£ Cert No BL960813332355ILVO, ATE) 

General Specifications 
Operation System 

Operation Type 

Time Range 

Pollution Degree 

Over vohage category 

Rated Operational Voltage 

Voltage Tolerance 

Input oH Voltage 

I AF20 
1 AD24 
' l 012 

AF20 

'AD24 

D12 

Ambient Operating Temperature 

Ambient Storage and Transport Temperature 

Relative Humidity 

Atmospheric Pressure 

Reset lime 

Repeat Error 

Voltage Error 

Temperature Error 

Setting Error 

Insulation Resistance 

Dielectric Strength 

Vibration Resistance 

Shock Resistance 

Degree of Protection 

® ULL1sted 
C US F•le No E66043 

Solid state CMOS Circuit 

l Mult1-Mode 

0.1 sec to 600 hours 

I 2 (IE60664·1) 

IIIIIE60664-1) 

]1 00·240V AC(50/60Hz) 

24V AC(50/60Hz)/24V DC 

]12V DC 

85· 264V AC(50/60Hz) 

r 20 4-26 4V AC(50/60Hz)/21 .6-26 4V DC 

10.8-13.2\1 DC 

[ Rated Voltage x10% m1mmum 

-20 to +65"C (without freezing) 

I -30 to + 75'C (without freezing) 

35 to 85%RH (without condensatiOn) 

] BOkPa to 11 OkPa (Operatmg). 70kPa to 110kPa (Transport) 

100msec maximum 

r ±0.2%, :t20msec• 

:t0.2%, :t20msec• 

l :t0.5%, ±20msec• 

±10% max1mum 

j1 OOMO m1mmum {500V DC) 

Between power and output terminals 2000V AC, 1 mmute 

l Between contacts of different poles 2000V AC, 1 minute 

Between contacts of the same pole·1000V AC, 1 m1oute 

j1 0 to 55Hz amplitude 0 5mm2 hours m each of 3 axes 

Operatmg extremes. 98m/sac2 (10G) 

i Damage lim1ts. 490m/sec1 (50G) 

3 times in each of 3 axes 

J IP40 (enclosure) (IEC605291 

TYPE ATE-Pl. ·81 RTE-P2, ·82 

166VA 
Power Consumption 
(Approx.) 

I AF
20 

j120V AC/60Hz Is 5VA 

1 I 240V AC/60Hz 11 6VA 
:------ I j 24V AC 60Hz/DC 3 4VN1 7W 

012 16W 

Mounting Position 
---=-----~-~·"--, 

] Free 

Dimensions 
: RTE-Pl. P2 

I ATE-81, 82 

Weight (Approx.) 

798 

40Hx 36W x 77.9D mm 

140Hx 36W x 74 9D mm 

RTE-Pl ATE-P2 

i 87g 189g 

116VA 

13 5VN17W 
I 

1.6W 

RTE-81. -82 

I B5g 

www.idec.com 

Contact Ratings 

Contact Configuration 

Allowable Voltage I 
Allowable Current 

Maximum Permissible 
Operating Frequency 

Resistive 

Rated Inductive 
Load Horse Power 

Ratmg 

Electrical 
life 

2 Form C. DPDT 
(Delay output) 

1240V AC, 30V DC /1 OA 
! 

1800 cycles per hour 

11 OA 240V AC. 30V DC 

7 A 240V AC. 30V DC 

11/6 HP 120V AC. 1/3 HP 240V AC 

500.000 op. m1oimum (ResistiVe) 

50.000.000 op mm1mum 
'-------'---·-

•For the value of the error agamst a preset 
trme. whrchever the largest applies. 

• 

• 



• 
Timers RTE Series 

Part Numbering Guide 

RTE series part numbers are composed of 4 part number codes When ordermg a RTE ser1es part, select one code from each category 
Example RTE-P1AF20 

0 
<D Senes 

Part Numbers: RTE Series 

@Terminal 
Style 

G> Function 
Group 

E 
® Input Voltage 

r-- -------- -ti;;~rip;j~n ---,-

<D Senes 

Ql Termmal Style 

0> FunctiOn Group 

@) Input Voltage 

Part Numbers 

RTE senes 

I Pm 

1 Blade 

! ON-delay, interval, cycle OFF. cycle ON 

ON-delay, cycle OFF, cycle ON, signal 
ON/OFF delay. OFF-delay, one-shot 

1100 to 240V ACI50/60Hz) I 
i 24V AC(50/60Hz)/24V DC 

.. _1_12VDC ----- _j 

Part Number Code 

RTE 

p 

8 

2 

AF20 

AD24 

012 

Remarks 

For internal circUitS, see next page. 
i 

I Select one only 

I 
: Each function group has d1fferent timing functions. 
I 

: See page 794 

Power Triggered Start Input Triggered 
~~ ~---~-- ~ : Voltage 

.:12VDC 

B-Pin Blade 

RTE-P1 012 RTE-81 012 

11-Pin 

RTE-P2D12 

RTE-P2AD24 

RTE-P2AF20 

Blade 

RTE-82012 

RTE-B2AD24 

RTE-82AF20 

• 

24V AC/DC 

100-240V AC 

RTE-P1AD24 

RTE-P1AF20 

RTE-81AD24 

RTE-B1AF20 

Time Range Determined by Time Range Selector and Dial Selector 
,.-----~---.-- --··· --- - ---,.....------
' Dial 0-1 

r--- ---- --------~--------------- ----
, Second 01sec-1sec .. Minute 1.2 sec - 1 min "' c ... Hour 1 2 m1n -1 hr l a: 

I __ 10 Hours 12 min -10 hr 

r· -~~- ----- ----->r---- -- ------ -~r----- --
' 0 • 3 D -10 0-30 

3.6 sec- 3 min 

3 6 m1n- 3 hr 

36 min- 30 hr 

12 sec -10 min 

12mm-10hr 

2 hr -100 hr 

36 sec - 30 min 

36mm- 30 hr 

6hr-300hr 

0-60 

1.2 min- 60 min 

12 hr- 60 hr 

12hr-600hr 

USA: 800-262-IDEC Canada: 888-317-IDEC 
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(I DEC RTE Series Timers 

Timing Diagrams 

RTE-P1, -81 

RTE-P1 RTE-81 

~---±--±% 
A 1 RTE-81 Do not apply voltage to tenn1nals #2. #5 & #8 

.... 2 IDEC sockets are as follows RTE-P1 SR2P-06" pm type socket. 
RTE-81 SR38-05" blade type socket.l"-may be followed by suffix 
letter A.8.C or U) 

A B o- -o 
H+l H-l 

A ON-Delay 1 !power start) 
Set t1mer for des1red delay, apply power to co1l Contacts transfer after preset t1me has elapsed. and 
rema1n m transferred pos1t1on unt1lt1mer 1s reset Reset occurs w1th removal of power 

11om Torm1nal Number 0 orallon 

Power 1112 7 
121A-B 

Delayed 
1111-4 5-B ltNCI 
{211-7,3-9 

Comatt (\11 3 6-8 I{NQ) 
1214-7,6-9 

PWR 
lndlt8tor 

OUT 

SetTrme 
T 

C Cycle 1 !power start. OFF first) 
Sett1mer for dewed delay, apply power to coil. First transfer of contacts occurs after preset delay has 
elapsed. after the next elapse of preset delay contacts return to ongmal pos1t10n The t1mer now cycles 
between on and off as long as power IS appl1ed !duty rat1o 1 11 

ham Tonmnal Number Oporal•on 

Power 1112-7 
121A- B 

Delayed 
1111-4,5 B ltNCI 
1211-73 9 

Com act 1111-3 6-8 l_tNOI 
1214-7,6 9 

PWR 
lnd•cator 

OUT 

Set Tme 
T T 

B. lntervallpower start) 
Sett1mer for des ~red delay. apply power to co1l Contacts transfer 1mmed1ately. and return to ongmal 
pos1t1on after presett1me has elapsed Reset occurs w1th removal of power 

hom Tarm•nal Numbar Operation 

Power 1112-7 
121A -B 

1111 -4 5 -B J INC! 
Delayed 1211 -7,3-9 

Contact 1111 3,6 B IJNDI 
1214 7.6-9 

PWR 
lnd1cator 

OU1 

Set Tme 
T 

C· Cycle 31power start. ON first) 
Funct1ons m same manner as Mode C. w1th the exception that first transfer of contacts occurs as soon 
as power IS applies The rat1o 1S 1 1 Time On= Time Off 

800 www.idec.com 
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Timers RTE Series (I DEC 

Timing Diagrams con't 

RTE-P2, -82 

RTE-P2 

A ON-Delay 21s1gnal start) 

RTE-B2 
external 

~!g!~r;n,-----
rlU:Li:tn"l 
a···~---~ 

8 

-o 
H-l 

When a preset lime has elapsed aher the start mput turned on wll1le power is on. the NO output 
contact goes on 

ltom Termmal Number Oporat•on 

Power IAI2-10 
181A-8 

Stan IAI5-6 
1812 5 

Delayed 
!All -4,8-11 IINCI 
1811-7 3-9 

Com act !All -3 9-11 IINOI 
1814-7 6-9 

PWH .. 
lndLCS!Of 

OUT .. 

Set Time 
T 

C Cycle 4(slgnal start, ON first) 
When the start 1nput turns on wllile power 1S on, the NO contact goes on. The output osc1llates at a 
preset cycle (duty rat10 1·1) 

ltom Temuaal Number Operation 

Powe• IAI2-10 
I·· 181A-8 

Stan IA15 6 
1812-5 

IAil -4,8- II I /NC) .. 
Delayed 1811 73-9 
Com act !All 3 9- II I (NO) 

1814 76 9 
. 

PWH 
Indica !Or 

OUT 

Set Tune 
T T T T T T T T To 

E S1gnal OFF-Delay 
When power IS turned on while the start 1nput 1s on, the NO output contact goes on When a preset 
time has elapsed aher the start mput turned off. the NO output contact goes off 

hom Tanmnal Number Oporal•on 

Powe• 
IAI2 10 
i8lA 8 

Stan IAI5-6 
1811-5 

!All -4,8-11 
INCI 

Delayed 1811 -73-9 
Contact lA} 1 -3,9-11 

18}4 7,6 9 I NOI 

PWH .. ' v'~ 

lndiCB!Or 

OIJT .. 

SetTII'Tle - 1---- -
T To T To 

USA: 800-262-IDEC 

A 1 RTE-P2 Do not apply voltage to terrmnals #5, #5 & 17 
~ 2 RTE-82 Do not apply voltage to terrnmals 12. #5 & #8 

3 IDEC sockets are as follows RTE-P2 SR3P-o5• p1n type socket, 
RTE-82 SR38-o5· blade type socket. 1•-may be followed by suffix 
letter A.8.C or Ul 

.. 

8 Cycle 2ls,gnal start. OFF first) 
When the start mput turns on while power IS on, the output osc1llates at a preset cycle (duty rat1o 1 1 I. 
startmg willie the NO contact off 

hom Tormmal Number Operation 

Power 
IAI1-IO 
18JA 8 

Stan 
IA15-6 
1811-5 

fA) 1-4,8-11 I INC) ... 
Delayed 1811-7,3 9 
Contact IAII-3 9-11 IINOI 

1814-76-9 

PWH 
Indicator 

OUT 

Set Time 
T T T T T T T T T To 

D S1gnal ON/OFF-Delay 
When the stan mput turns on wh1le power 1s on. the NO output contact goes on When a preset t1rne 
has elapsed wh1le the start mput rernams on. the output contact goes off When the stan mput turns 
off. the NO contact goes on agam When a preset t1me has elapsed after the start mput turned off, the 
NO contact goes off 

ltom Tonntnal Number Operat•on 

Power IAI1·10 
181A-8 

STan 
}A} 5-6 
1812 5 

!All -4 8-11 I INC) . 
Delayed 1811 7,3-9 

Contact I All -3 9 11 IINOJ 
1814 76-9 

PWH 
Indicator 

OUT .. 

Set TIITie 1- - I- -T T To T T To 

F One-Shot (s1gnal start) 
When the stan mput turns on wll1le power IS on. the NO output contact goes on When a preset t1me 
has elapsed, the NO output contact goes off - Tonmnal Number Operat1Dn 

p,..., IAJ2-10 . ~ . -~-

i6JA 6 

Stan IAJ5 6 
1612-5 ---1 

IAJ 1-4,8 II I INC} 
' 

" ... ~-

Delayed 1811 7,3 9 
Contact !All 3,9- II IINOI 

1614-7,6 9 

PWH 
lndu:ator 

OUT 

Se1 Tme 

Canada: 888-317-IDEC 801 



I]:IDIEC RTE Series Timers 

Temperature Derating Curves 

Mounttng B 
Mountmg A 

Instructions 

Installation of Hold-Down Springs 
DIN Rail Mount Socket 

Insert the spnngs mto the outer 
slots with the pro)ecllons 
factng mslde 

Insert the spnngs 
1nto the slots 

Switch Settings 

.~. I 

-~" ~ <DOperator Mode Selector 
CDScale Selector 

Socket SR2P-o6 Hold-<lown Spnng (sold ...,arately) 
SFA-202 (use tv.o spnngs) 

Socket SR2P.C5 Hold-<lown Spnng (sold separately) 
SFA-203 (use two spnngs) 

Cll Time Range Selector 

Turn the selectors securely using a flat screw
dnver 4mm w1de (maxtmum). 
Note that incorrect settmg may cause malfunc· 
!ton Do not turn the selectors beyond their limits 

2 Smce changmg the setting dunng timer operation 
may cause malfunction, turn power off before 
changmg 

Safety Precautions 

Spectal experttse tS required to use Electromc Tirners. 

• All Electrontc Timers are manufactured under I DEC's ngorous quality control 
system, but users must add a backup or fail safe proviston to the control 
systern when usmg the Electronic Timer m applications where heavy damage 
or personal inJury may occur should the Electronic Timer faiL 

• Install the Electronic Timer accordtng to tnstructtons described in this catalog 

• Make sure that the operattng conditions are as descnbed 1n the specifica
tions If you are uncertatn about the spectfications, contact IOEC tn advance 

• In these directions, safety precautions are categonzed in order of importance 
under Warning and Caution. 

Warnings 

Warning notices are used to emphastze that improper operatiOn may cause 
severe personal tnjury or death. 

• Turn power off to the Electromc timer before starting tnstallatton, removal, 
wmng, maintenance. and inspectton on the Electronic Timer 

• Failure to turn power off may cause electrical shocks or fire hazard 

@ff\ .w. ¥ ¥1 it F %¥ 4 £1 §!#I ?¥*1£ § § I *8M¥4MM f.!MW& 

• Do not use the Electronic Timer for an emergency stop circuit or inter
locking circuit If the Electronic Timer should fall, a machme malfunction, 
breakdown. or accident may occur. 

Caution 

Cautton notices are used where inattention might cause personal injury or dam
age to equtpment 

• The Electronic Timer ts destgned for mstallatton in equipment Do not tnstall 
the Electronic Timer outside equipment 

• Install the Electronic Timer in environments described in the specifications. If 
the Electronic Timer is used in places where 1t wtll be subjected to high-tem
perature. htgh-humtdtty, condensation. corrosive gases. excessive vibrattons, 
or excessive shocks. then electrical shocks. fire hazard, or malfunction could 
result 

• Use an IEC60127-approved fuse and circutt breaker on the power and output 
I me outside the Electronic Timer. 

• Do not dtsassemble. repair, or modtly the Electrontc Timer. 

• When disposing of the Electronic Timer. do so as Industrial waste. 

§Q @db '444 W if I $#k$i<tf 
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Timers 

Accessories 

• DIN Rail Mounting Accessories 
DIN Rail/Surface Mount Sockets and Hold-Down 

11-Pin Screw Terminal 
(dual tier) 

11-Pin FingerSafe Socket 

, 8-Pm Screw Termmaf 

8-Pm Fingersafe Socket 

11-Bfade Screw Terminal 

RTE-P2 SR3P-05 

RTE-P2 SR3P-05C 

SR2P-06 

RTE-P1 

SR2P-05C 

SR3B-05 
RTE-81 
RTE-82 ·--------

DIN Mounting Rail 
' Length 1 OOOmm 

8NDN1000 

~----~----------------~----·-----

Panel Mounting Accessories 
Flush Panel Mount Adapter and Sockets that use an Adapter 

RTE Series 

c=~~~eSSO!J~--~--l[ Desc~PtlO'!_ ---1[ Appea~~~~][~; ;jtll l[ !~_!llo. -l 

• 

Panel Mount Adapter 

Sockets for use with 
Panel Mount Adapter 

Adaptor for flush panel 
, mounting ATE timers 

8-pm screw terminal 

1 11-pm screw terminal 

, 8-pin solder termmal 

11-pin solder termmal 

• All ATE timers RTB-GOI 

RTE-Pl SR6P-MOBG 

RTE-P2 SR6P-M11G 
!Shown· SR6P-MOBG Wifing Socket Adapter) 

ATE-PI SA6P-S08 

RTE-P2 SR6P-S11 

USA: 800-262-IDEC Canada: 888-317-IDEC 

t!IDEC 

SFA-203 

SFA-202 

(ii 

3 
:;-
~ 
CD 
Q 
C"> ,... 
"' 

803 



WDEC RTE Series Timers 

Dimensions 
779 • 

1111 ~ 
RTE-P1 (8 ptn) Termtnal Style 

IIIII~ 
RTE-P2 (11 pm)Terminal Style 

~ IIIII 
RTE-B1/R11-T-E--B-2-(-11_bl_a_d-e)-"J:=e,=m==m~ 

Panel Mount Adapter 
RYE Timer. 8-Pin and 11-Pin with SR6P·S08 or SR6P-S11 

• 
RYE Timer, 8-Pin with SR6P-M118G 

RYE Timer,11-Pin with SR6P·M11G 

• 
CA t f amum + • w ¥¥S:4h' Jl 1 • es• * P gn<q # w J5M4 M¥ #i&#l% ¥8¥? f' %' ix f id !#§ 4 
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(I DEC General Instructions Timers 

General Instructions for All Timer Series 

• Load Current 

W1th mduct1ve. capac1t1ve. and incandescent lamp loads. 1nrush current more 
than 10 t1mes the rated current may cause welded contacts and other undes1red 
effects The 1nrush current and steady-state current must be taken mto consider
atiOn when specifying a t1mer 

Contact Protection 

Sw1tching an inductive load generates a counter-electromotive force (back EMF) 
m the coil. The back EMF will cause arcmg, which may shorten the contact life 
and cause imperfect contact Application of a protection circuit IS recommended 
to safeguard the contacts 

Temperature and Humidity 

Use the t1mer w1thm the operating temperature and operating hum1d1ty ranges 
and prevent freezmg or condensat1on After the t1mer has been stored below 
its operatmg temperature. leave the t1mer at room temperature for a suffic1ent 
period of time to allow it to return to operatmg temperatures before use. 

Environment 

Avoid contact between the timer and sulfurous or ammonia gases. organ1c sol
vents (alcohol, benzine, thmner. etc.). strong alkalme substances, or strong ac1ds 
Do not use the timer in an environment where such substances are prevalent. Do 
not allow water to run or splash on the timer 

Vibration and Shock 

Excessive vibration or shocks can cause the output contacts to bounce, the 
t1mer should be used only withm the operating extremes for v1brat1on and shock 
resistance. In applications w1th s1gmficant vibration or shock, use of hold down 
springs or clips is recommended to secure a timer to its socket 

Time Setting 

The t1me range is calibrated at 1ts maximum time scale; so 1t is deSirable to use 
the t1mer at a settmg as close to 1ts max1mum t1me scale as possible For a more 
accurate t1me delay, adJUSt the control knob by measuring the operatmg t1me 
w1th a watch before application. 

Input Contacts 

Use mechamcal contact sw1tch or relay to supply power to the t1mer When 
dnvmg the t1mer with a solid-state output dev1ce (such as a two-w1re proximity 
sw1tch. photoelectric sw1tch. or sol1d-state relay), malfunction may be caused by 
leakage current from the solid-state dev1ce Since AC types compnse a capaci
tive load, the SSR d1electnc strength should be two or more times the power 
voltage when switchmg the timer power using an SSR. 

Generally, 1t 1s des1rable to use mechamcal contacts whenever poss1ble to apply 
power to a timer or 1ts s1gnal inputs. When usmg solid state devices, be caut1ous 
of inrushes and back-EMF that may exceed the ratings on such devices Some 
t1mers are spec1ally des1gned so that signal inputs sw1tch at a lower voltage 
than is used to power the t1mer (models des1gnated as "B" type) 

Timing Accuracy Formulas 

limmg accuracies are calculated from the following formulas· 

Repeat Error 
= ± 1 x Max1mum Measured Value- Minimum Measured Value x 100% 

2 Maximum Scale Value 

Voltage Error 
=±Tv- Trx 100% 

Tr 

Tv· Average of measured values at voltage V 
Tr Average of measured values at the rated voltage 

= + Tt -T20 X 100% 
T20 

Temperature Error 

Tt: Average of measured values at oc 
T20: Average of measured values at 20°C 

Setting Error 
=±Average of Measured Values- Set Value x 100% 

Maximum Scale Value 

858 www.idec.com 



INTERNAL CONNECTIONS 
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TIME RANGE PROGRAMMING INSTRUCTIONS 
The ATE series Electronic Timers are available in two operation mode groups and two 
t1me range groups. Determine the operation mode group and time range group of your 
timer from the Type No. Development. 

1. Removing The Face Plate I 
TYPE NO. DEVELOPMENT ·------r 

RTE-P11·AC120V 

B. Blade -Power Voltage P:P10~]~~ 
Operatoon Mode Group Tune Range Group 
1: Interval or Delay On Make 1: 1 sec to 10 mon 
2: Songle Shot or Delay On llreak 2: 1 mon to 10 IH 

2. Selecting The Mode of Operation 
Select the operation mode by 
moving the DIP switch to the right 
or left position. (After installing the 
face plate. the knob set to the left 
position is visible through the face 
plate window.) 

3. Selecting The Time Range 

Front View 

DIP 
Switch' 

Digital· 
Switch 

~~n'~ .. ., ·- .. , .... 1 

r~·"/,r. . .. 1 
• iif -~--~~ 
~f'~' •' :\ ( ~-.--..::;~ 
u.:-.~ -. ..._,, 

Select the time range by rotating the digital switch. 

DIP Sw•tch ~eh I Roght 
POittiOn 

Dnlay 
Operation 

1 lnourval On Make 

Mode Gmup 
2 

Soogle Delay 
l ._ 511?1__ _on_ B_<ea_l< 

~
. ---- . ---- -1- ... --- .. -· "l 

4 5 G 7 

c- GO sec- JO sec I 5 min 10 min 
-fu -~-Q_;._i~,. 30 min l_~~ _]()_':'_r __ 

Digital Switch 0 I 1 2 I J Position 
Time Range I 1 1 sec I 3 sec 6sec l lOs 
Group ! 2 1 min ' 3 min 6min i lOn I 

NOTE: When the digital switch is at position 8 or 9, the time range setting is the same 
as at position 0 or 1, respectively. 

4. Setting The Face Plate 
Each timer is provided with a face plate indicating the time range on both s1des in dif· 
ferent colors per time range group. The dial disk has four notches on its perimeter at 
every 90 degrees. Choose the top or bottom s1de containing your required time range and 
turn the dial disk to the position where the required time range figure and umt appear in 
the wmdows. 

oup 1 j} sec_j_ 10 ~~~'":._ (- 5 min_~ lO_mi_n_ ~ . Pi~k-·--f:
-- ----:r;;;;-.,"Ra,9e-·- -- -- --- --~r"Face Plate coi,;, j --- r 3 sec f 6 sec -f-3o· sec--T SOsec. - . ·velfow - -

oup 2 L- 3 ~~~'--t .?.~:"!~.J~~-':':'~!? '~""-- . ~~()~~~-- ..... _ 1_.! '!'~ lOmm J 5hr : lOhr . Blue _ 

5. Installing The Face Plate 
When the operation mode and time range 
settings are complete, place the face plate 
onto the timer by inserting the top edge 
into the top slots. Bond tho face plate 
slightly and insert the bottom edge into 
the bottom slot on the timer. Make sure 
the dial disk notch is retained in place. 

Face Plate 

[~:] 

(L7,·o·~~} ~ IJ, ~J 
Dial u~ . Time 
Disk ac J 'L ·J Range 

Unit 

Notch 

7;1 
·.....;; .... •·:.~''/;-1' 
'•'<J~ 
Detent li 

• 



~~~---------------------------------------------------~-Sensors & Controls 

• Small Size - Alloys 
Rugged Durability, With Broad Heat and Pressure Capabilities, 
are Hallmarks of These Compact Switches 
Ideal for shallow tanks or restricted spaces, or for low-cost, high volume use. 

LS-1700 Series
Buna N Float 

LS-1700 Series
Teflon® F1oat 

~ 
,\\1 .. @ 

CE 
Offer broad chemical compatibility for general purpose 
use. Also ideal for oils and water. 

Dimensions 

lS-1700 eries 

Buna N Float Teflon" Float 

LS-1750 Series -
All Stainless Steel 

LS-1755 Series
All Stainless Steel 

Rugged construction suitable for most corrosive liquids, and for 
high temperatures and pressures. Stainless steel is generally recognized 
as safe (GRAS) with FDA for food contact regulations. 

lS-1750 Series lS-1755 Series 

Stamless Steel Float and Stem 

===~(25~~m) 

I 

118" NPT 

L,= 9116' (14.2 mm) N.O., 13116 (20 6 mm) N C. L,= 11?""(1n mm) N.O and N.C. L,= ora· (1o.7 rnml N 0. 3/r (191 mm) N.C. L,= 31164" (14 5 mm) N n. 53164" (20 8 mm) N C 

• 

tl =Switch actuation level. nom1nal (based on a I uid spec1f1c gravity of 1.0). 

Common Specifications 
Electrical Termination: No. 22 AWG, 24" L., Polymeric Lead Wires, 
(except Part No. 79990 which has Teflon® Lead W1res). 

Approvals: Series Nos. LS-1700, LS-1750 and LS-1755 are U.L. Recognized
File No. E45168 and GSA L1sted- File No. 30200. 

Switch Operation: Units are shipped N.O. unless otherwise specified. Selectable, 
N.O. or N.C., by inverting float on unit stem (except for LS-1700 Series switches with 
Teflon® Floats; see selection m "How to Order" table). 

How To Order -Select Part Number based on specifications required. 

Material 

Series Stem and Float Other Min. liquid Operating Temperature Number Mounting Wetted Sp. Gr. 

Brass Water: to 1so•F (82.2°C) Buna N .45 
316 S.S. 316 S.S., 

Oil: -4o•F to +3oo·r (-4o·c to+ 149.C) 
LS-1700 Epoxy 

316 S.S Teflon® 85 -4o·F to +25o·F ( -4o·c to + 121.1 ·c) 

LS-1750 316 s.s 316 S.S 316 s.s. .70 
-4o·F to +3oo·F ( -4o·c to + 14s.s·c) 

-4o·F to +4so·F ( -4o·c to +204.4.C) 

LS-1755 316 S.S 316 s.s 316 S.S .90 -4o·F to +3oo·F ( -4o·c to + 14s.s•c) 

• See "Electrical Data" on Page X-5 for more mtormat10n. 
• • Higher pressures are temperature dependent 

Visit www.GemsSensors.com for most cu"ent informotion. 

Pressure, Switch* Part 
PSI, Max.•• SPST Number 

20VA 
300 

01701 f 

20VA 01702 f 

20 VA, N.O 26791 f 
1000 

20 VA, N.C 27980 f 

20VA 01750 f 
100 

20VA 79990 f 

275 20VA 01755 f 
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PROJECT: GROUNDWATER TREATMENT PlANT 
CUSTOMER: W. A. RASIC CONSTRUCTION 
CUSTOMER JOB NO.: 
PLANT: 
LOCATION: 

1.Complete Assembly 1!1 

SPECIFICATION FORMS FOR PROCE:SS MEASURMENT ANtl CONTROL 
INSTRUMENTS, PlhMARV ELEMENTS AND COHTROL VALVES 

RESISTANCE TEMPERATURE SHEET 3 OF 

SENSORS AND THERMOWELLS SPEC NO. 
NO. BY DATE REVISION 

A EIS 712212008 FOR APPROVAl CONTRACT 

REQ. P.O. 

BY I CHK'D 

11. Mounting Thread 112·14ANPT 

3 

REV. 

DATE 

APPR. 

HEAD 12. Conection: 2-Wire D 3-Wire [! 4-Wire 0 
2. Screwed Cover 0 Other MFR STD lead Wires I! Reeep1acle 0 Bavonetlock 0 
3. Explosion Proof 0 Class Other SINGLE SENSOR jSPRING LOADED TYPE) 

4. Material standard Conduit Connection 1/2 inch 

5 Nipple Size __ Dim "N" Union 0 WELL OR TUBE 
13. Material 316 ss 

ELEMENT 14. Construction· Tapered ~ S!Ja1ght 8 8. Platinum !!! Nickel 0 Other Dnlled I! Built-Up Closed-End 
7. Ice Pomt ReSistance 100ohm Tube 
8. Temperature Range 15. Dim: MFRSTD 00 0.0 --- 1.0. 0.260" 

9. leads: STO 0 Potted 0 Herm. Seated 0 16. Internal Thread 112·14ANPT 

10. Sheath Materiel ,1&SS 0.0. G.25" 17. Process Connection 1·11.5ANPT 

18 UNION TYPE EXTENTION "N" = 

~ e.u I 

-~·~ 
Process WELL DIMENS. ELEMENT SINGLE 

REV. TAG NO. Connection ·u· "T" LENGTH or DUAL SERVICE NOTES 

A TE-242 1"-11.5ANPT 25" 0 OUI\I. VGAC NO. 1 & 2 GAS OUTLET 1 

t= 
I 

NOTES 
M VENDOR TO CONFIRM MODEL NO. 
1. ROSEMOUNT MODill. No.:0078P25C30A02GT28 
2. VENDOR SHALL ATTACHED A STAINLESS sn:a NAMEPLA11:, STAMPED WITH INSTRUMENT TAG NO. 
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Rosemount 3144P Temperature Transmitter 

• Sensor Drift Alert and Hot Backup® features 
improve measurement reliability while the 
Transmitter-Sensor Matching feature 
improves temperature measurement accuracy 

• Statistical Process Monitoring {SPM) and 
Thermocouple Diagnostics provide improved 
visibility into process conditions and sensor 
loops. 

Communicate using either 4-20 mAIHARr® or 
FOUNDATION'"" field bus protocol 

The integral LCD Display {optional) 
conveniently displays sensor values and 
transmitter diagnostics information 

• Capable of single-sensor and dual-sensor 
inputs. Differential and average temperature 
measurement increases system flexibility 

• Dual-compartment housing provides the 
highest reliability in harsh industrial 
environments 

• Safety certified to IEC 61508 

Content 

The Ultimate Temperature Transmitter for Critical Control and Safety Applications ........ page 2 

Specifications 

HART and FOUNDATION Fieldbus Specifications . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . page 3 

HART I 4-20 rnA Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . page 6 

FouNDATION Fieldbus Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . page 7 

Product Certifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . page 9 

Dimensional Drawings .................................................•... page 13 

Ordering Information ...................................................... page 16 

Configuration Data Sheets 

HARr® I 4-20 mA I and Safety Certified transmitter. . . . . . . . . . . . . . . . . . . . . . . . . . page 20 

Foundation'"" Fieldbus transmitter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . page 22 
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00813-0100-4021, Rev HA 
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The Ultimate Temperature Transmitter for 
Critical Control and Safety Applications 

The Rosemount 3144P Temperature Transmitter provides superior accuracy, stability, and reliability- making it the 
industry-leading temperature transmitter used in critical control and safety applications. The 3144P can be ordered with either 
4-20 mNHART or a completely digital FOUNDATION fieldbus protocol. It has the capability to accept either single-sensor or 
dual-sensor inputs. This dual-sensor input capability allows the transmitter to accept simultaneous input from two independent 
sensors, enabling measurement of differential temperatures. averaging temperature. or redundant temperatura measurement. 
The transmitter can be configured for a variety of sensor inputs: RTD, thermocouple, millivolt, or ohm. The 3144P (HAR7) is 
approved for use in Safety Instrumented Systems (third party validated metrics are available for the 3144P. Testing done per 
IEC 61508 for Safety Instrumented Systems). 

Best in Class Accuracy and Reliability 
The transmitter provides industry-leading five-year stability, 
which reduces maintenance costs. The Transmitter-Sensor 
Matching feature eliminates interchangeability error, which 
improves accuracy by 75%. Sensor Drift Alert enables 
continuous monitoring of the differential temperature for 
two sensors. When one sensor drifts, the differential of the 
sensors will increase. If this difference exceeds defined 
limits, the user is alerted of an unreliable measurement. 
The Hot Backup feature can reduce the risk of losing 
important temperatura measurements by 80% when the 
measurement automatically switches to the backup sensor 
if the primary sensor fails. 

Reliable Transmitter Performance 
Meeting the NAMUR NE 21 recommendations, the 3144P 
ensures top transmitter performance in harsh EMC 
environments. In addition, the 3144P HARTtransmitter 
meets NAMUR NE 43 and NE 89 recommendations. 

FOUNDATION Fieldbus and HART Protocols 
High performance and advanced diagnostics are available 
with HART or FOUNDATION fieldbus communication. These 
transmitters offer diagnostics that provide continuous 
measurement status (good, bad, or uncertain). as well as 
sensor failure indication. Both transmitters provide 
performance information to AMS. 

Integral LCD Display 
Local indication of temperatura measurement and 
diagnostics provides immediate and accurate verification of 
process conditions. 

Measurement Flexibility 
The 3144P is capable of single-sensor or dual-sensor 
input. This also allows for configuration of differential or 
average temperature measurements. 

Designed for Harsh Environments 
The 3144P is designed with a dual-compartment housing 
that provides the highest reliability in harsh environments. 
The dual-compartment housing provides isolation between 
the electronics and terminal compartments. The large 
terminal block allows for easier wire installation. Enhanced 
EMI rejection and filtering result in unmatched stability in 
process measurement. 

Certified for use in SIS Applications 
The 3144P is certified to IEC61508 for non-redundant use 
in SIL 1 and 2 Safety Instrumented Systems and redundant 
use in SIL 3 Safety Instrumented Systems. In allowable 
installations, the 3144P HART electronics can be upgraded 
to safety certified electronics. 

Advanced Temperature Diagnostics 
The advanced 3144P powers PlantWeb® by 
communicating important temperatura 
diagnostics and PlantWeb alerts to ensure 
process health and enable multi-sensor 
architecture. 

Diagnostic Logging 
The 3144P Temperature Transmitter keeps a record of any 
diagnostic information and logs the item to the database. 
The log is retained as long as the device has power or can 
be reset by the user via the 375 or AMS. 

Statistical Process Monitoring (SPM) 

Oeted abnormal process situations with a means 
and standard deviation calculation by the transmitter. 

Thermocouple Diagnostic 

Use the transmitter to monitor the resistance of 
thermocouple loops in order to detect drift conditions 
or changing wiring conditions. 

Rosemount Temperature Solutions 

Rosemount 644 Temperature Transmitter 
Head mount styles available with HART or FOUNDATION fieldbus 
protocol. Rail mount style available for HART protocol. 

Rosemount 848T Eight Input Temperature Transmitter 
Eight input transmitter available with FOUNDATION fieldbus 
protocol. 

2 

Rosemount 3420 Fieldbus Interface Module 
Provides an interface between FouNDATION field bus instruments 
and systems without lieldbus capability usmg standard interface 
protocols. 
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Rosemount 248 Temperature Transmitter 
Head mount style (DIN B) and Rail mount style with HART 
protocol and complete temperature assembly. 

Rosemount sensors, thennowells, and extensions 
Rosemount has a broad offering of RTD and thermocouples that 
are designed to meet plant requirements. 

Rosemount 148 Temperature Transmitter 
Head mount style (DIN B) PC-programmable transmitter 

Specifications 
HARfii> AND FOUNDATION™ FIELDBUS 

Functional 

Inputs 
User-selectable. See "Accuracy" on page 4 for sensor options. 

Output 
2-wire device with either 4-20 mAJHART. linear with temperature 
or input, or completely digital output with FouNDATION fieldbus 
communication (ITK 4.6 compliant). 

Isolation 
lnpulloutput isolation tested up to 500 V ac (707 V de) at 
50/60Hz. 

Humidity Limits 
0-100% relative humidity. 

Update Time 
Approximately 0.5 seconds for a single sensor (1 second for 
dual sensors). 

Physical 

Conduit Connections 
The standard field mount housing has %-14 NPT conduit entries. 
Additional conduit entry type are available, including PG13.5 
(PG11 ), M20 X 1.5 (CM20), or JIS G %. When any of these 
additional entry types are ordered, adapters are placed in the 
standard field housing so these alternative conduit types fit 
correctly. See "Dimensional Drawings" on page 13 for dimensions. 

Materials of Construction 
Electronics Housing 

• Low-copper aluminum or CF-BM (cast version of 316 
Stainless Steel) 

Paint 

• Polyurethane 

Cover 0-rings 
Buna-N 

Mounting 
Transmitters may be attached directly to the sensor. Optional 
mounting brackets (codes B4 and BS) allow for remote mounting. 
See "Optional Transmitter Mounting Brackets• on page 14. 

Weight 

Aluminum(1) Stainless Steel(1) 

3.11b (1.4 kg) 7.8 lb (3.5 kg) 

{1) Add 0.5/b (0.2 kg) for meter or 1.0 lb (0.5 kg) for bracket options. 

Enclosure Ratings 
NEMA 4X, CSA Enclosure Type 4X, IP66, and IP68. 

Stability 
• RTDs - ±0.1% of reading or 0.1 •c, whichever is greater, for 

24 months. 

• Thermocouples - ±0.1% of reading or 0.1 •c. whichever is 
greater, for 12 months. 

5 Year Stability 
• RTDs • ±0.25% of reading or 0.25 •c, whichever is greater, for 

5 years. 

• Thermocouples - ±0.5% of reading or 0.5 •c. whichever is 
greater, for 5 years. 

Vibration Effect 
Tested to the following with no effect on performance: 

Frequency Acceleration 

10-60Hz 0.21 mm peak displacement 

· 60-2ooo Hz .... :' · :3 g': · .. ·• .. : ·,. · ·, • :., ~~ " : 

Self Calibration 
The analog-to-digital measurement circuitry automatically 
self-calibrates for each temperature update by comparing the 
dynamic measurement to extremely stable and accurate intemal 
reference elements. 

RFI Effect 
Worst case RFI effect is equivalent to the transmitter's nominal 
accuracy specification, according to Table on page 4, when tested 
in accordance with IEC 61000-4-3, 30 V/m (HARD 120 VIm 
(HART TIC) /10 V/m (FOUNDATION fieldbus), 80 to 1000 MHZ, with 
unshielded cable. 

CE Electromagnetic Compatibility Compliance Testing 
The 3144P meets or excaeds all requirements listed under IEC 
61326: Amendment 1, 1998. 

3 
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Rosemount 3144P 

External Ground Screw Assembly 
The external ground screw assembly can be ordered by specifying 
code G1 when an enclosure is specified. However, some 
approvals include the ground screw assembly in the transmitter 
shipment, hence it is not necessary to order code G1. The table 
below identifies which approval options include the external 
ground screw assembly. 

External Ground Screw 
Approval Type Assembly lncluded?(11 

NA, E5, K5, K6, KB No-Order opt1on code G1 

-;~~~~·d,l;;_:~DJ:~1~~~: -~:· ·-~·-,~~s._·_'. :- -,~~·_:;·::-,'~-~~:::c:-·~, · 
(1) Code G1 is a/so included with Integral Protector option code T1 

does not need to be ordered separately. 

Accuracy 

Hardware Tag 
• No charge 

Product Data Sheet 
00813-0100-4021, Rev HA 

March 2008 

• 2 lines of 28 characters (56 characters total) 

• Tags are stainless steel 

• Pennanently attached to transmitter 

• Character height is 1/1&-in. (1.6mm) 

• A wire-on tag is available upon request. 5 lines of 12 
characters (60 characters total) 

Software Tag 
• HARTtransrnitter can store up to 8 characters. FouNDATION 

fieldbus transmitters can store up to 32 characters. 
• Can be ordered with different software and hardware tags. 

• If no software tag characters are specified, the first 8 
characters of the hardware teg are the default. 

Recommended Digital 0/A 
Sensor Options Sensor Reference Input Ranges Min. Span111 Accuracy!21 Accuracy!3H41 

, 2·, 3·, 4-wire.RTDs . . .. . .. •c . ."F. . ·c •F ·c •F 
Pt100 IEC751,1995(a=0.00385) -200to850 -328to1562 10 18 ±0.10 ±0.18 ±0.02%ofspan 
Pt 100, ·_:·_,:.:_';!IS 1604!.-~1_981-_(a ~ o.0039t6): ~ ;:-:-200 t~ 645 <>:'-:'328. to-,1193 · .. 1i:r· .. · ·18 . .- :_ ± o;1o ±0.18>±o;02%. ofSpan. 
Pt 200 IEC 751, 1995 (a= 0.00385) -200 to 850 -328 to 1562 10 18 ± 0.22 ± 0.40 ±0.02% of span 

'Pt2QO.·~- .o• ·. )JIS1604:1981.(ci=0:0039_16)~'-·_-:·..:.200·t0645:~ .;..328to1193 ··_10··_ ,~·18_'·.· ±·0.22 ·±oAo.·±o.02o/cio(span 
PT500 IEC751,1995(a=0.00385) -200to850 -328to1562 10 18 ±0.14 ±0.25 ±0.02%ofspan 

· Pt10'00·· · ·<· · IEC-?51,_199~·(ai='0.00385)'·:: .· ':-209to30o_·~~_-:-32Sto572"' . 10 -~-. ·18 .·±o.1o··.: ±0:18 ±o:02%ofspan: 
Ni 120 Edison Curve No.7 -70 to 300 -94 to 572 10 18 ± 0.08 ± 0.14 ±0.02% of span 
cu·1o· -·_· · ... E~ison90pperWindlng.·NQ';'.1~.-- .... :-:-50to_250 · :.s8'to482·· ·1o·.· 18 :±1.00 ± 1.8o,· ±0.02% bf span 
Cu 100 (a=428) GOST 6651-94 -185 to 200 -365 to 392 10 18 ±0.48 ±0.86 ±0.02% of span 

• Cu 50,(a~2~)-· .. GOST.6651~94": ::_·: . . - . _-:. -185 t9 200< -365 to 392 :10- ; ··. 18. ±0.96 ±1.73:. ±0.02%· of span 
Cu 100 (a=426) GOST 6651-94 -50 to 200 -122 to 392 10 18 ±0.48 ±0.86 ±0.02% of span 

·: Cu 50 (ai:426)'. "GOST 6651~~4· - ~- · .-.- :_-·._,: .• so to:2oi:f,-. · --122.to 392' · -···:·10 · :~~: 18 · .. 
Th~r~oco~ples(sj · · · · · 

±0.96· ±1:-73 ±0:02% of span·· 

··_.Ty~e·e~6>;: " .'· NI~T Monograph-11!~; IEC 584 -'. · .. 1_0~!0 1820 · ± .. 0.75 :t 05 ·. ±O.o2o/oor'spari 212 to 3308 25 . '45. 

Type E NIST Monograph 175, IEC 584 -50 to 1000 ± 0.20 ± 0.36 ±0.02% of span -58 to 1832 25 45 
· Type J ··· c · ·NIST Monograph 175,JEc··584 · .. · -180 to 760 ± 0.25 · ± 0.45 · ±0.02% of span -292 to ~400 . · .. 25 45. 

Type K<7> NIST Monograph 175, IEC 584 .:_180 to 1372 ± 0.25 ± 0.45 ±0.02% of span -292 to 2502 25 45 
· ~:rypeN ·., _: NIST¥onograph175;:1EC·584: ·::-200'to.1300. · ±.0.40 ±0.72.- ±0.02%ofsp~n· -328 to 2372 '-: 25·.· .·A5 

TypeR NIST Monograph 175, IEC 584 0 to 1768 ± 0.60 ± 1.08 ±0.02% of span 32 to 3214 25 45 
.Types __ · _·NIST ~ollograpti.17S;IEC 584·-.:_- . 0 to 1768 ± 0.50 · ± 0.9o·· ±0.02% of span 32 to 3214 · ·25'·' 45 
Type T NIST Monograph 175, IEC 584 -200 to 400 ± 0.25 ± 0.45 ±0.02% of span -328 to 752 25 45 
Dlt.Jfypet·:.: ·>DIN'43719 ::' -->- .. -~·· . _.,.- --200to.900. .±0.3s···±o:s3 .±o.02%ofspan . -328 to 1652 · 25 45 
DIN Type U DIN 43710 -200 to 600 -328 to 1112 25 45 ± 0.35 ± 0.63 ±0.02% of span 

.·,'Type'W5Re/·,·. ~ASTM·E 988"-"96: . . . · ;_ Oto:2000 \ _ :-32.to 3632. -·.'·.'25:.· .: .. : ~5-. .' . :t0:7o_,_: .± f26' ±0:02% of.spari 
·w26R~~~;{~;~-:~",,:·;;} ~-.:>.:, ''·'·. :-:~:-;.:.~;:,.: .. ~, ..... ·. :;7_~--'.-~.:··· · .: · .· ·,. /.-,_~· , ... · .. . : •• : • ~~--·.: __ . .. ...... _ 

4 

GOST Type L GOST R 8.585-2001 -200 to 800 -392 to 1472 25 45 ± 0.71 ± 1.28 ±0.02% of span 
Mlll!volt:lnp~f<:·.)·-<· _. · -.-.- : ' :-:< ·. ,_ _ ' .. --.. :·-1g·to-foo·_mv_-·-,'. :· ·. '· :. 3·mv·· ,; ·. -; :, ±o:o15 mv' . - ±0.02% of span 

2·, 3·, 4·wlre Ohm Input 0 to 2000 ohms 20 ohm ±0.35 ohm ±0.02% of span 

(1) No minimum or maximum spen restrictions w1thin the input ranges. Recommended minimum span will hold noise within accuracy specification with dampmg 
at zero seconds . 

(2) Digital accuracy: Digilal output cen be accessed by the 375 Field Communicator. 
(3) Total Analog accuracy is the sum of digital and DIA accuracies. 
(4) Applies to HART I 4-20 mA devices. 
(5) Total digital accuracy for thermocouple measurement: sum of digital accuracy +0.25 •c (0.45 "F) (cold junction accuracy). 
(6) Digital accuracy for NJST Type B 1s ±3.0 ·c (±5.4 "F) from 100 to 300 ·c (212 to 572 "F). 
(7) Digital accuracy forNIST Type K ist0.50 •c (±0.9 "F) from -180 to-90 •c (-292 to -130 "F). 
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Reference Accuracy Example (HART only) 
When using aPt 100 (a= 0.00385) sensor input with a 0 to 100 •c 
span: Digital Accuracy would be ±0.10 •c. D/A accuracy would be 
±0.02% of 100 •c or ±0.02 •c, Total= ±0.12 •c. 

Digital Accuracy for Differential Configurations 
(dual-sensor option, HART only) 

• Sensor types are similar (e.g., both RTDs or both T/Cs): 
Digital Accuracy = 1.5 times worst case accuracy of either 
sensor type. 

Differential Capability Exists Between Any Two Sensor 
Types (dual-sensor option) 
For all differential configurations, the input range is X to Y where: 

• Sensor types are dissimilar (e.g., one RTD, one T/C): Digital 
Accuracy = Sensor 1 Accuracy + Sensor 2 Accuracy. 

• X = Sensor 1 minimum - Sensor 2 maximum and 
• V = Sensor 1 maximum - Sensor 2 minimum. 

Ambient Temperature Effect 

TABLE 1. Ambient Temperature Effect 
Digital Accuracy per 1.8 •F (1.0 •c) 

Sensor Options Change in Ambient!11 Range 0/A Effectl2 l 

2·, 3·, or 4· Wire RTDs 
:_ 'Pt_109<a:_0,00385)- .. --- 0:00~5;~(?-· 

Pt 100 (a= 0.003916) 0.0015 ·c 
· . r_t 200 (a7:o.qo385) :.- '--c.· ·- O.O!J23·:c' P 

Pt200 (a= 0.003916) 0.0023 ·c 
:P.t·soo. _,- , - o 0015 •c > :."- --
.Pt~1oOo< · ~ ·--.-··-- · o:ao·1soC _- :_< •• 

:-. N,i120·;.'·> _. , _- '_O.OQ19.C\,_: ., 
cu 10 0.015 ·c 

: .. cu.1oo:(a='428)·· -.; · · -C- o:oo2:~_c 
-- eli' 50 c"a=428) 0.004 ··c. 

. ~ ; ,, -. 

__ C:::~ :100 (a=426)_ 0.002 ·c-< 
cu so (a=426) o.o04 ·c' · · 

Tnermocouples: - · ·-.-:·. ,: . .• __ . _ - --
Type B 0.014 "C 

0.029 •c- 0.0021% of (R- 300) 

Entire Sensor Input Range 
· -·ent!re sensor lriput:Rahge 

Entire Sensor Input Range 
- Enti~ Sehs()r'lhput Range 

Entire Sensor Input Range 
-'~-;Entire Benlior'lnput;Ran·ge 

' · Entire Sen~ lnput,Range 

Entire·sensor_lnput'Range; • · · . 
·Entire Sensor Input Range · · 

· - -. :,E~re.'Sensor·lnput·Range_. -
Entire Sensor Input Range 

R l!: 1ooo ·c 
300 ·c $ R < 1000 •c 
100"C$R<300"C 

TypeE 
TypeJ 

0.046 •c- 0.0086% of (R- 100) 
- _: O.p04_~'C'+:0.001)43%:of R.::- ... -

0.004 •c + 0.00029% of R R-'!: 0 •c -. 
0.004 ·c + 0.0020% of abs. val. R R< 0 •c 

0.001% of span 
O;Q01cy.;:of span_. 
0.001% of span 

· 0.001% of span 
0.001 'Yo of span 

· . .<_.:0.001%<?fspan: 
0.001 o/o of span 
0.001 o/o of span 
0.001% of span 

,. 0.001% of span 

0.001% of span 

.. 
0.001% of span 

0:001o/o of span.:-
0.001% of span 

'Type:K;'-, .;.-:·,. _ "'' ._0.005_"C:+;0:00054%of.R·-·",-: '.--. ·R~'O:"C·'': 
- .- >· -_- ·. · · :·. :-.-~ '" _- ·,. ''-o;oo~·c +:o.oo2oo..G,ot.atlii~vaCR .,_,- · · !Rio·c:, 
' Type N - . . . . ' 0.005 ··e: + o:ooo36% of R - All 

",! ~ '·-' 

;-:·~ _. -~;~~;fo:~o·o~~~n- :- · 

Types-RandS __ - 0.1)15"_C · :"_~-~_,.:::·_ ;: ·,_ • -R~-20o·•c 
'·: .•.• ·• . -o.021"C-0.0032,-oofR- R<2oo··c-. 

Type T o.oo5 ·c R (!: o ·c 

DINTypeU 

·.,TyPe W5R~IW?6Re.;:·-
-:. -· ~· - ' . -

~- ' : :·>. ~"' ·.::. . '\~ . ·.' ,' 
GOSTTypeL 

2·, 3·, 4-wire Ohm Input 

0.005 ·c + 0.0036% of abs. val. R 
o.oo54 ·c -+ 0.00029.cro of.R_'- ~ . --: 

_ . . ·o.0054-~C +-0,0025%'ofabs~ vai.R. 
·o.o064 ·c · · 

0.0064 •c + 0.0043% of abs. val. R 

_:··Q.o1s ~c:~.:~'; ·-~~ L::;:. :<;:,:'"--~- ·-
- o:o23_.•c + o,oo36% ofR· __ _ 

o.oo1>o·c 
o.oo1 ± o.oo3% < o ·c 
0.00025 mV.'.:- -. · ·:. : · - - : , : 
·o.oo7 n - ·- . . 

R<O"C 
-- R~-o·c··-

R ..;o,~c-:
Rl!:o·c 
R<O"C 

·'R-'!:·2oo:·c · . : -
· _R·~.20o.~c: ~:~·- · 

_ enure· sensor Input Range· __ 
Entire Sensor Input Range 

(1) Change in ambient is in reference to the calibration temperature of the transmitter (20• C [68" F]) 
{2) Applies to HART 14·20 mA devices. 

0.001% of span 
·-o:001% of_ span-

0.001 'Yo of span 

0.001% ohipan · 

0.001% of span 

0:001% of'spa~; :. : 
.;. . :- :·. :. ~ ' 

0.001% of span 

. _, 0.001% of span_. 
0.001% of span 

Transmitters may be installed in locations where the ambient temperature is between --40 and 85 qc (-40 and 185 "F). 
To maintain excellent accuracy performance, each transmitter is individually characterized over this ambient temperature range at the factory. 
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Dimensional Drawings 

Rosemount 3144P 

Cover with Wiring Diagram Label 

Electronics Module 

Meter Cover 

I 

1. 
(112) 

(1) Alarm and Write Protect {HART). 

LCD 
Connector 

Simulate 8/ld Wtite Protect {FouNDATION Fieldbus) 

5.2 (132) with 

~ LCD Dloploy 
4.4 (112) 

li 4.4 

@J (112} 

Dimensions are in mches (millimeters) 
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4.4 
(112) 

3. 5 
:t0.06 (92) 

Transmitter Dimensional Drawing for Conduits with 
M20 x 1.5, PG 13.5, and JIS G1h Entries 

Top View Front View 

5.20 (132) 
4.40 (112) 

0.85 (21.6)*l 

D 
c 

Clearance required 
;to remove cover) 

Adapters for M20 x 1.5, PG 
13.5, and JIS G1/zentries 

0.5 
(12.7) 

l 

4.00 (102) -

0.21 (5.3) 

0.94 (23.8) 

Adapters for M20 x 1.5, PG 13.5, and JIS G 1/2 entries 

1.04 (26) 

D1mensions are in inches (millimeters) 

Optional Transmitter Mounting Brackets 
Option Code 84 Bracket 

2.81 :t0.03 
(71) 

1.0 (25) 

0.41 (10) 
Diameter 

====rr-0.375 (10) 
Diameter 
(2 Places) 

Option Code 85 Bracket 

2 (51) Diameter Washer 
(Provided) 

I 2.81 (71.4) 

Dimensions are in inches (millimeters) 

• 
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FIGURE 1. HART /4-20 mA 

1 20 3 1 2 3 1 2 3 loU 1 2 3 

l,Ja4 t)Ja~ ~4 04 t,Ya~ 
2·wire R'tB 

5 + - o5 
3-wire RTb 4-wire RTD TICs and RTDwitR 

and Ohms and Ohms ... and Ohms Millivolts Compensation Loop• 

~~::0 ~· 
1 2 3 

~ 
1 2 3 

s~; ~ s!Q' s 5 - o5 51+ 5 
B + S2 ~ S2 5 

AT/Hot Backup/Dual AT/Hot AT/Hot AT/Hot A TIHot Backup/Dual 
Sensor with Backup/Dual BackupJDual Backup/Dual Sensor with 2 RTOs 

2 RTDs::" Sensor with 2 Sensor with Sensor with RTOs/ with Compensation 
Thermocouples RTDs/ Thermocouples ... Loop .. 

Thermocouples** 

• Transmitter must be configured for a 3·wire RTD in order to recognize an RTD with a compensation loop. 
•• Emerson Process Management provides 4-wire sensors for all single-element RTDs. Use these RTDs in 3-wire configurations by leaving the 
unneeded leads disconnected and insulated with electtical /ape • 
... Typical wiring configuretion of a Rosemount dual-element RTD is shown (R=Red, W=White, G=Green, B=Biack) 

FIGURE 2. FOUNDATION Fieldbus 

1 20 3 W0 4 
o5 

2·wireRTD 
and Ohms 

!R2: 3W&G 

~40 
S 5B 

t.TIHot 
Backup/Dual 
Sensor with 2 .... 

RTDs-

16104 
o5 

3-wire RTD 
and Ohms** 

1 2 3 

Vi~ 
AT/Hot Backup!Duaf 

Sensor with 2 
Thermocouples 

1~4 
o5 

4·wire RTD 
and Ohms 

1 2 3 

Sl~; 
52 

AT/Hot 
Backup/Dual 

~i 
2

i_ 
3

04 ·v o5 

2 3 
11, j-vo 
~ 04 

T/Csand 
Millivolts 

o5 
RTOwith 

Compensation Loop• 

1 2
o 3 1 2 3 

stV.~t~ siQ' 52 5 

AT/Hot AT/Hot Backup/Dual 
Backup/Dual Sensor with 2 RTOs 

Sensor with RTDs/ Sensor with RTDs/ with Compensation 
Thermocouples** Thermocouples- Loop -

• Transmitter must be configurad fora 3-wire RTD in order to recognize an RTD with a compensation loop. 

•• Emerson Process Management provides 4-wire sensors for ell single-element RTDs. Use these RTDs in 3-wire configurations by leaving the 
unneeded leads disconnected and insulated wilh electrical tape . 

... Typical wiring configuration of a Rosemount dual-element RTD is shown (R=Red, W=While, G=Green, B=Bieck) 
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Ordering Information 

Model Product Oescnpt1on 

3144P Temperature Transm1tter 

. [)~.-,; ::: ~. ::: Field~.Mount l:'f()using (Duai~Compa_rtment), _Aluminum, . 
D2 Field Mount Housing (Dual-Compartment), Aluminum, M20 x 1.5 (CM20) 

'-D~:· > ._ ,: : Flelct fV1ount.Housirig:(Du'ai.:Com~partffient).~Aiumiilum,; P~ 1 :3:5:(PG:11_l : ·;_._; . 
o4 • · Fieid- Mount HouSing <ouai-c~r!Ji>8riment). 'AI~min~rri: j1s G 112 · · · · · · · 

·. o~_:.;:: _ :'· ·-:.: 'fi~id:_M~nt_Bous1,n~<<qu,a!:f9~~P{tft!li'"t):=st&fl\ie~~!~eeq~~1-NF:.t 
D6 Field Mount Housing (Dual-Compartment), Stainless Steel, M20 x 1.5 (CM20) 

: D'{i ::, .. , . -:: ; .. F!ei~'Mi>i.ll!tJipusing (r;)uaJ.,cOmpartrrierit);'Stalnles.s ~~~pcr1s.s· (P!:311}) 
D8 · ·• Field·Mc:;unt Ho~si'rig ·(oual:comP&rtm~nt). sia'iriJess.steal: JIS G-1/2 ' · 

. ':.. ,, >· 
- _-. ~~ ., ~\ 

Code Output 

A 4-20 mA with Digital S1gnal based on HART protocol 
l: ~";: :, _ .: ~:':-,F~uflioArloi·f~~~i.11:iu~.dililtai'.signali(inC:Iu~&a3 At turlqt~ofbku#;,a(ld;aa~uP,Link '1\ctive:~c:~~~~ierl' ::> ·:~ ::~:::.;·-;,; -:· ~::.:~:~"-,2 · ·,: .• ·s; ~~ ~, . 
Code Measurement Type Configuration 

~':;-(~i -:1 '· Single-§ensor.lnput•..,,·.,:_', ,0: -•• ':, .. ,. ·.·:.";:, 

2 Dual-Sensor Input 
Code Product Certifications 

NA No Approval 
E5 ~, ' "~ ···t=M:exploslon:proot arid'non:inceodive approval· ·. ">.::·: . ··' · .· · ·- ._. 
15<1) · . FM kltrinsic safety and non-in~ndive' (includ~s s~nd~rd I.S. and' FISCO for fieldbus u~its) 

~ ~~m, '. - ··FI\4'inttinsic safety/rion':!ineendive,:aM e,(plosiciri~proof combinatlon·(incl~des standard I.S. arid.FjSC0 foi' fieldb'Lu(unlts)_-~: 
'.<8<1) - FM ~·nd CSA Intrinsic 'SafetY, expl~sion-proof & non~i~cendi~e combination (includes standard IS and "i=JSCO for field bus ~nits) 

)6HJ· ~~- ' -~ ~:·c$A intrinsic~SflfE!tfand FISCO,Diyision _2'(inciu"des'sla[ldaro IS.imd FISCO.fl:ir ~eldbus:uriitS')''>:: .,.,- .,. •.· ·.->,,_; •. <~ · · · 
i<s<tl'' CSA i~trinsic safety:'Fisco' Division 2:and explosion-proof combination (includeS standard IS··~ild FISCO for fi~ldb·u~ units) 

··e1: ,·ATEXflairiepi'O~faPJ>roval:~~i:·: · · ._, '. _- ·_,, · ·)-:. 
N1 ATEX type n approval 

·11<1l- -.:· ATE>C.iptrin81c.safety-(inCiui:les standard r.s.l:mdFisc(HQr fieldousuni!S):~ • .. . , . , . ·· ., 
i<1<1>' ATEX.intrinsic safety, flameproof, ~nd Type n approval Combination (includes standard IS and FISCO for fleldbus units) 

:·:(;> ' -: . ::~~~~;i~~:::;:;r::::~:r~~i;~~~oof com~i·~~~~n (indudes standard 1.~·. :~~~ FISCO for fieldb~s ,~nits:~ . . .. .. . 

; E7" .. IECE.ic.ft!imeproofaPJ)royar'::"'.,,' , ·:-'-. :-
'-, ·-

N7 IECEx type n approval 
-17(!)(2)· . , ·: IECEiUntrinsiC safety ':. -' . -~ 
'K7<1X2} IECE~ inlri~Sic safety~ flameproof, a~d type n combination 

.. -- ·:·. 

12<2>,-- c~Pe~-iiltriri"sicS'afet:y·a~ar- ·:~ / · ~. · ·· -
E4(2> . JIS flameproof approval (requires either housing code D4 or DB) 
Code Options 

PlantWeb Control 
:~Ao1·; ,;· ·. · Regulator}' coritro(suitefPio.·witrfautatuhe~·anthmetic·. signai:charact'enmt,'iriput selector'- FouNDA'ri6N'fieJdbus:only · 
,,,_._,,:.,.· ., ·"" , ... ,. - , .... ' ,',' -~-~ ··- .... ' . ' . ~ . \. -., ., ., ' 

PlantWeb Diagnostics 

.-oo1:\~je;~:':~- Di~g_nostics suite:. StStistical Process MonitOring (SPM); TtiermCiooupie:piagnostic, Drlft'Aiert·:.i.:FouNOATioN fleidtius only,'~::::~ 
1•' ""'• -"' • •.,__ -' ' • ' ' '•' ' '•' ' ' ' ' ' ~' • • ' , \ I ' • < " •' 

Mounting Bracket 
)3f:::.: ., ,'Unive~al'fnountlng braCk~tfor 27iricll pi~ and:.panefrriountfnS;SST ora'cket'and.tio!ts :.; ~·. ~. ··: ... : . · · · 
85 Universal "L" mounting bracket for 2-inch pipe mounting-SST bracket and bolts 

·M~ter,-. · :-'<.. · . 
M5 LCD display 

-E~rn~I:G~u~d:~a:;)' . _ . . . - ... : · :t 
G1 External ground lug assembly (See "External Ground Screw Assembly" on page 4.) 

· .TninsienfP,Ote~tof ~- _ _ . . . · --·- _, :->' .. , -: :<:; ·" ''. '""'· 

T1 Integral Transient Protector 
Ordermg Information Contmued on Next Page 
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Code Opt1ons 

Custom-Software Configuratlon,Request-
C1(3) - - Faciory enters date, descriptor, and message fields (COS r~uired v,;ith order) 

:SO)(~·lln~:vol&agft,EIKfi,r;Enabled>s.~ . :.. . ._ , ~· _- :,.·:. •:. 
F5 50 Hz line voltage filter 
· NAMUR compllant·Aiai-in ~ailu~- . .. _ . • , · -. ,... · · · .. , ,- . _ • _. __ : • .• ; -· . ., " -.. : .. . 

A1 Analog output levels compliant with NAMUR recommendation NE-43, June 1996. Alarm configuration high- HART only 
CN · · Arialog output l~ls cO!llpliant~ith NAMU~ recommendatio11,. N~-43·; June 1996: {\lan,ll coriflgilratioji, low ,..HA~T oply-~·: 
Low Alarm 

~ ca·~. :. : : . Analog:outpuflevels'tonipHanfwjth Rosemount starida_id. Alarm configuration low_:- f1ARTonl~ 
Transmitter-Sensor Matching 
C2 ... ·:- - . Transmitter-Sensor Matching-trim· tO speCific ROsemount RTO calibration Sclleidule- ·.~ ., :' ' 
C7 . • Trim to spedal non-standard sensor (specia'l st:msor-c~sio.iner must provide sensor information} 
·Five Point.Calii:Jratlo~l l)_ata' ·· -: ~-. ,, , -_:<· ; :. • · • • ·• • :. • ·' x · · 
C4 5-point calibration (use option code 04 to generate a calibration certificate) 
.caubrailo~ certification··:. , ._ ... ~ " · · · 
04 Calibration certificate (3-point standard; use code C4 with 04 option for a five point calibration certificate) 

:· QP. · .. : .. : ~ Calibration'~rtificatti·and ta~p!!revident.seat>>·_, ,_·_ ,'., : _ . · 
Dual-Input Custom Configuration (only with measurement type option code 2) 

~~~:: .. : ~: Zt~!;:k::~-~e~ture ~lth -~~; ~dcup and Sensor' ~~;~ert- warning mode 

tl3<5 .:: Av~rage temperatiJre with fiC?t Backup arid sensor.Oiift Alert.:_ a!arm !ni:i~e:. 
U4 Twoindependentsensoffi 
us: .. : · Differential temperature; · ,, :-: 

U6(4l Average temperature 

u7<4l first 9C?Od temperati.ne 
US(4) Minimum temperature - FOUNDATION fieldbus only 
:ue<4l : . •· :· f11axim~um temperature·- Fo,uNDA TJON fieldbus.only . · · · 
Special Certifications 
a:r: <. -': · Safety~rtif.ed to IEC 61~08-wlth. ce_rtificateof FMEDA date .• HART only : .• ·_
OS Prior-use certificate of FMEDA Data - HART only 
c0.lduit'Et8clrli:81 COnnectOr·, :~_~ ::.·~,~- "";.~ ·· ··~- -_· 
aelii) '' . . M12, 4-pin. Male ConneCtor (eurofasfY> 
Gl\.1<8> ··<.:· · A size ·Mini; 4-r>in, Male Connector (minifas(IY): · 
Assembly 
XA . <' ,._ Sensor speCified 8eparately)ind· asserhbled to transrilitter ~ .. 

Typical Model Number; 3144P 01 A 1 ES 84 M5 

(1) When IS approval is ordered on a FouNDATION fialdbus. both standard IS and FISCO IS approvals apply. The davice laba/1s marked appropnately. 

(2) Consult factory for availability when ordering with HART or FOUNDATION freldbus models. 

(3) Consult factory for availability when ordering with FOUNDATION tieldbus models. 

.,,· 

(4) Codes U1 and U6 for HART transmitters will not have drift alatt ooabled; option codes U1, U6, U7, U8, and U9 for Foundation fieldbus transmillars wtll have 
drift e/ert enabled. 

(5) Not available for FOUNDATION Fieklbus. 

(6) Available with Intrinsically Safe approvals only. For FM Intrinsically Safe or non-incendive approval (option code 15), insteJI in accordance wtlh Rosemount 
drawing 03151·1009 to maintain NEMA 4X mting . 
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Standard Configuration 
Both standard and custom configuration settings may be changed. Unless specified, the transmitter will be shipped as follows: 

Standard Conftguratton . 

4_ mA value I Lower Range (HART 14-;20 rnA) Measurement Point LO ~FOUNDATION Fieldbus) 
· 2i:i mA valu~ I Upper Range (HART 14-20 rnA) Measurement Point HI (FOUNDATION Fteldbus) 
Qa!rlpinit~ ·:.' _. :,:.", • . ~:-.:' · · -· ·· 

o.·c .. 
100 ·c 
5 seoonds. ·. •. ~-· 

~ ·- -.-

Output Linear with temperature I FOUNDA TIDN field bus 
·. ~ailui'e_f\1t?de (f;IARi I)J:T2o:mAJ. ·• 
Line Voltage Filter 

' . ~··: . :·'. ·_Hig~/ ·, _ _;-' '·. ;. : . :,:z •,-.; -:~-· '· 

: ~~r&1~9 ~: .· .. :-' . :' ·;~' ' :. ; .;; ~--' -:. ,· -- ~ ----:.: 
Optional Integral Meter 

Single Sensor optton 

Sansp~-Type,. . . · ._.. . ,, .... · ,, •. :·L ·:· c 

Primary Variable (HART /4-20 rnA) A11400 (FOUNDATION Fieldbus) 

~~onga,Y Vartabi~.At1~oo_ (foiii-l~ilofi,Fie!dbus}. :~~:\ ·;:·· ... ·:· ·' ·
4 

'· : •• 

Tertiary Variable 
'Ciuaterriaiy .. ya:~eble•): ·/- ';; • ': ·: ·_. \ ::~:-' . ,. . ·t>'-'· .. - -~·. ':: 

Dual-Sensor option 

.Senso~~ype. :_,· . . ·-~,.. . 
Primary Variable (HART 14-20 rnA) At 1400 (FOUNDATION Fieldbus) 

~~~dar): Vaoa~le A!; 1§00_ (F9U~~TION'F!eld~~) · :.<·~· ··_;:. ·., ·• 
Tertiary Variable Al1600 (FOUNDATION Fieldbus) 

. Ciuatern~,y: variable 5• : '.:. ·.~ ,: ... •. ) • ' 

Custom Configuration 

60Hz 
See_""fagglng~ - ..•. 
Units and rnA I Sensor 1 units 

_:; .. -.. . 4-wire Pt 100 a= 0:00385 RTD .. - .. :·: 
Sensor1 

:. -~:~ -.:...: ·:· ~- ~:-· .:_;rerJ!linarfc;mi~l-a_tUre_~ .. ' . · 
Not Available 

·, "~·:.:.::. _." ·: ,· · · ::.Not Available. ·,~:'\:; __ · :.:. ·' " . · • : .· 

Two 3-wire Pt }00 a.= 0.00385 R~D 
Sensor 1 

Serisor2. :_ '.:. '. ;-~--·· ~ 
Terminal Temperature 

• ' Not Used.' 

The 3144P transmitter can be ordered with custom configuration. The table below lists the reQuirements necessary to specify a custom 
configuration. 

Optton Code Requirements/Specification 

C1: 
Factory Data<1l 

Date: day/month/year 
Descriptor: 16 alphanumeric character 
Message: 32 alphanumeric character 
Custom Alarm Levels can be specilied for configuration at the factory . 

. ,C2:;':, ~ ... ~~: •' ~~ ~ . •,. :: ·: ,.'. _ _'~The t~rlSmltters ~re Oesfgnt,d;tci'aCcept_ cauenctar-van o·usen -constants .fro~ a c&Jibrated-RTD ~"~ ; ' :· 

. Traris~ltter Sensor. Matching ' .··.' ::.schedule. and generate a·custOin ciJrve to:match any SPe'cific'sensor. cu'riie;'·SPec:lfy a Series:sa, 65;~ Or . 
. : ; .. ;;- · : : ·:_., : . : '· · · ,. : · ... :_ · }B:RTD sensor on Jfie:QrderWith.a speciahmara~rizatlon cunie (V or XBQ4, option). These: consbmiS . 
•• · •· · · · ·•·: .·: :·\ ,wlii.beprograminedlntoth6~smittet.,with:fhisoptlon.·t ·.-~,:- . c~. . . -::-: ... • 

C4: Will inClude five-point calibration at 0, 25, 50, 75, and 100% analog and digital output points. 
Five Point Calibration Use with option code Q4 to obtain a Calibration Certificate. 

C?:,· . : -~~- '.' .. _ Use(! for non:stai'ittard·sensof. adding a speCiat'sensor.or·eicpa·ndlrig·iriput.. ~-~ ' , .' · · · -· ... 
~cia I Sensor· · , · Customer must supply the non-s~ndard senSor lnformaUon;Additii)nal special curve will be added 'to·'·. · >- . ·· · · · · · · s,ensor·cu~e:lnput-cholces; <~. . . :··: ·~··· ..... .' . · . -.· : . · . <: : . 
A1: NAMUR· 
Compliant, high alarm 

. CN: .NAMUR~ >·:: · :· '· 
qcrrlilliari~,io~·ala~ ~·,~· 
CB: Low Alarm 
F5: 50 Hz·Une Filter ... ·: · 
. ' . ' ' 

(1) CDS mquited 

18 

Analog output levels compliant with NAMUR. Alarm is set to fail high. 

.. Ahalog'outpuflevels·c:Ompliant~til-NAMUR .. Aiarm is'seito'taillow! <.: ·. : ··· . 
'-. ~ <'··.",· ..•.. :-::-·-- !.~-~~ .·:.._ • - ,··~ ~;-· •• ~.- ,_' :·' :\, 

·~ ' ~ . 

...... 
\;.'·. 

Analog output levels compliant with Rosemount standard. Alarm is set to fail low 
· • , . , ~alibrated lo 50 Hz line voltage filter. , ·. : 

• 

• 
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To custom configure the 3144P with the dual-sensor option transmitter for one of the applications described below, indicate the appropriate 
option code in the model number. If a sensor type is not specified, the transmitter will be configured for two 3-wire Pt100 (o. = 0.00385) RTDs if 
any of the following option codes are selected. 

Option Code U 1: Hot Backup 

Primary Usage 

Pri(Tia,Y Variable · • 
Secondary Variable 

. Te~ary Variable · <. 
Quaternary Variable 

Pnmary usage sets the transm1tter to automatically use sensor 2 as the primary 1nput if sensor 1 fails. 
Switching from sensor 1 to sensor 2 is accomplished without any effect on the analog signal. 

~·.1st:good .-~~· ··· · - , . : ··.~_;"·,· .. · .. ·~· ·."···· --·-.· ,,.· . .-

Sensor 1 
'Sensor2 

Terminal Temperature 

Option Code U2: Average Temperature with Hot Backup and Sensor Drift Alert- Warning Mode 

Primary Usage 

· Piima,.Y Variable 
Secondary variable 

Te"lary vartable · · 
Quaternary Variable 

Crit1ca1 applications, such as safety Interlocks and control loops. Outputs the average of two 
measurements and alerts if temperature difference exceeds the set maximum differential (Sensor Drift 
Alert- warning mode). If a sensor fails, an alert will be sent digitally. The primary variable will be reported 
as the remaining working sensor value. 

· ·: s~nsor Average ~ •. ;:. ·~. 
Sensor1 

~··:_.--Sensor2 ·. · ·, .<.: ''. ~' ,_~ 
-. ·' 

Terminal Temperature 

Option Code UJ: Average temperature with Hot Backup and Sensor Drift Alert- Alarm Mode 

Primary Usage 

Primary Variable 
Secondary variable 

. ;J:ertiary Variabl~ . 
Quaternary Variable 

Critical applications, such as safety interlocks and control loops. Outputs the average of two 
measurements and alarms if temperature difference exceeds the set maximum differential (Sensor Drift 
Alert- alarm mode). If a sensor fails, an alert will be sent digitally. The primary variable will be reported as 
the remaining working sensor value. 

Sensor·Average· 

Sensor1 
Sensor2· ~, · · • I ~' 

Terminal Temperature 

Option Code U4: Two Independent Sensors 

Primary Usage 

. : ~ri'rriary Variable 
Secondary Variable 

~ T~rtia,Y Variable. . 
Quaternary variable 

used in non-critiCal applications where the d1g1tal output is used to measure two separate process 
temperatures . 
Sensor n·. 
Sensor2 
Terminal Temperature -· . 

Not Used 

, • .._1·"' ' ,-. 

Option Code US Differential Temperature 

Primary Usage 

Pri~ary Variable· : 

Secondary Variable 
Tertiary Vaiiable· .·_ 

. - - . 

Quaternary Variable 

The d1Herent1altemperature of two process temperatures is configured as the primary variable. 
Dlffe~rential Temperature. , ~ . ~ · ·. 

Sensor 1 
_.-:~ Sensor.2 . '• .· 

Terminal Temperature 

Option Code U6: Average Temperature 

Primary Usage 

, Prir:naiy vBri~bl_e ~ 
Secondary Variable 

T~rtiary variable: · · 

Quaternary variable 

When average measurement of two different process temperatures is required.lf a sensor fails, an alert will 
be sent and the primary variable will use the measurement of the working sensor. 

·~ ~seiisor.Average . _, .·.. .. . · · · · : . ~ .. . . · 

Sensor1 
Se'risor 2 

Terminal Temperature 
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Configuration Data Sheet 
HARr® I 4-20 rnA I AND SAFETY CERTIFIED TRANSMITTER 

* = Default Configuration 

Customer Information 

Customer 

P.O. No. 

Sensor 

Sensor Type 

4mAValue 

20mA Value 

Damping 

Tagging 

Hardware Tag 

Software Tag 

Sensor 1 

No.ofleads 

D Pt 100 a= 0.00385 2-Wire 

Pt 100 a= 0.003916 3-Wife 

Pt 200 a "' 0.00385 4-Wire 

Pt 500 a = 0.00385 

Pt 1000 a= 0.00385 

Cu 10 
Ni 120 

Transmitter Sensor Matching (C2 Option) 

Nonstandard (C7 Option), Attach Calibration Schedule 

Ohms 

NIST Type B TIC 

NIST Type E T/C 

NIST Type J T/C 

NIST Type K TIC 

NIST Type N TIC 
NIST TypeR TIC 

NIST Type S TIC 

NIST Type T TIC 

mV 

DIN Type L TIC 

DIN Type U TIC 
Type W5Re/W26Re T/C 

MOdel No. 

Line Item 

Sensor 2 (dual-sensor option) 

No. of leads 

Pt100 a= 0.00385 2-Wire 

Pt 100 a::: 0.003916 3-Wire 

PI 200 a = 0.00385 

Pt 500 a = 0.00385 

Pt 1000 a:= 0.00385 

Cu10 

Ni 120 

Transmitter Sensor Matching (C2 Option) 

Nonstandard (C7 Option). Attach Calibration Schedule 

Ohms 

NIST Type B TIC 
NISTType E T/C 

NIST Type J T/C 

NISTType KTIC 

NIST Type N T/C 

NIST Type R TIC 

NIST Type S TIC 

NIST Type T TIC 
mv 
DIN Type L T/C 

DIN Type U TIC 
Type W5Re/W26Re TIC 

Note: A nonstandard sensor type can only be used for Sensor 1 or Sensor 2, not both. 

__ ·c 
__ ·c 

__ "F 

•F 
"K 
"K 

Ohms 

Ohms 

o•c 
100"C 

5Seconds Other ============'(Value must be less than 32 seconds) 

_ -----__ (8 characters maximum) 

Transmitter Information 

Integral Meter 
(if ordered) 

Descriptor 
(C1 Option) 

Message 
(C1 Option) 

Date 
(C1 Option) 

0 Alternating mA and Engineering Units D rnA 0 Alternating Sensor 1 and Sensor 2 

D Engineering Units D Sensor 1 Engineering Units D Differential Engineering Units 

D Percent D Sensor 2 Engineering Units D Average Engineering Units 

DAltemating Differential Temperature, Sensor 1, and Sensor 2 

D _______________ (16 characters maximum) 

D _______________________________ _ 
(32 characters maximum) 

D Day __ (numeric) D Month ___ (alphabetic) D Year __ (numeric) 

Jumper Selection 

Failure Mode 

Software 
Security 

20 

DHigh 

DOff 

Dlow 

DOn 
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Product Data Sheet 
00813-0100-4021, Rev HA 
March 2008 Rosemount 3144P 

= Default Configuration 

0 4·20 rnA with simultaneous digital signal based on HART protocol 

0 Burst Mode of HART digital process variable 

Burst Mode output options: 

0 Primary variable in engineering units 

0 Primary variable in percentage of range 

0 All dynamic variables in engineering units and the primary variable rnA value 

0 Multidrop communication (Not applicable for Safety Certified transmitter.) 

Note: This option fixes the transmitter's analog output at 4 rnA. 

Choose transmitter address for each transmitter (1 -15) ----------------
Note: Default transmitter address is 1 if multidrop communication is selected. 

D Rosemount Standard 

D NAMUR-compliant. Available. with option code A 1 or CN. 
D Custom (option code C1 ). 

D High Alarm Level: 

D Low Alarm Level: 

D High Saturation Level: 

D Low Saturation Level: 

____ rnA (must be between 21.0 and 23.0 rnA) 

____ rnA (must be between 3.5 and 3.75 rnA) 

____ rnA (must be between 20.5 rnA and the High Alarm Value minus 0.1 rnA, 
20.5 to 20.9 rnA for safety certified) 

____ rnA (must be between the Low Alarm Value plus 0.1 rnA and 3.9 rnA, 
minimum 3.7 rnA for safety certified) 

21 



Rosemount 3144P 

Configuration Data Sheet 

FOUNDATION ™ FIELDBUS TRANSMITTER 

= Default Configuration 

Customer Information 

Customer Model No. 
P.O. No. Line Item 

Transmitter Tagging 

Hardware Tag 

(21ines x 28 character max.) 

Product Data Sheet 
00813-0100-4021, Rev HA • 

March 2008 

Physical Device Tag ------------------------.---------(32 character max.) 

Integral Meter (Choose up to 4) 

0 Sensor 1 

0 Average Temperature 

Transm1tter Information 

Descriptor 
(C1 Option) 

Message 
(C1 Option) 

Date 
(C1 Option) 

Security 

(32 characters maximum) 

(48 characters maximum) 
Day __ 

Hour 

0Sensor2 

0 Differential Temperature 

Month 
Minute 

Write Protect (hardware and software) U Off U On 

Damping 

0 Term1nal Temperature 

Year 
Second 

0 5 Seconds 0 Other ___ (values must be less than 32 seconds) 

Dual Sensor Conf1guration 

Drift Limit 

0 Default 

Hot Backup 

0 Enable 

OOther __ _ 

ODisable 

Note: Configure Sensor Information on the next page to complete your FouNDATION Fieldbus Configuration Data Sheet. 

22 
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Product Data Sheet 
00813-0100-4021, Rev HA 
March 2008 

HI HI Alann ___ _ 

HIAiann ____ _ 

LOAiann ____ _ 

LO LOAiann 

Rosemount 3144P 

23 
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The Emerson logo is a trademark and service mark of Emerson Electric Co. 
Rosemount, the Rosemount logotype, and Hot Backup are registered trademarks of Rosemount Inc. 
PlantWeb and the PlantWeb logotype is a registered trademark of Emerson Process Management. 
HART is a registered trademark of the HART Communication Foundation. 
Eurofast and Minifast are registered trademarks of Turck Inc. 
FOUNDATION is a trademark of the Fieldbus Foundation. 
All other marks are the property of their respective owners, 

Standard Terms and Conditions of Sale can be found at www.rosemount.com\terms_of_sale 

Emerson Process Management 

Rosemount Inc. 
8200 Market Boulevard 
Chanhassen, MN 55317 USA 
T (U.S.) 1-800-999·9307 
T (International) (952) 906-8888 
F (952) 949-7001 

www.rosemount.com 
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F (65) 6777 0947 
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~lcctrical Boxes Catalog 

Christy Concrete Products 

• f4·,W:tti%®ttM-Zf#'!t!:m2Sff±~4 

Ubli!y Boxes o 

Valve Boxes o 

Electrical I $ 
Communication Boxes 

Pot!tmefl ~ 
Non conaete Boxes 

Tralllc Boxes o 

Drainage 11ems e. 

Catch Basins 1 0 
Curb lntels 

Electrical VauJ!s o 

PilsO 

MiscellaneOUS $ 

Ca!alog & ~ 
Qoss Reference 

New PrOduct; «~ • 

• 

http :1 /www .christyconcre te. com/electrical_ boxes_ catalog_ 6. h tm I 

Home Our Catalog Contr-c; \Js Emo;~>;ment !=or s·,:e-

Electrical Boxes Catalog 

81730 BOX H/20 LOADING 

• T raffle Box 

• Caltrans No. 6T 

• State Specs 

Click links far larger 
views ollhe drawmgs on 
this page. 

A hrgh denSity reinforced concrete box wrth non-settling shoulders positioned to 
maintain grade and facilitate back filling. Approximate dimensions shown . 

Christy 
Ordermg 
Code 
B17UlBOX 
B1730-51JH 

B1130-51G 

B1730X12 

Item 
Box 
Cover 
Cover 

Approx. 
Shipt:ling 
Werght Description 

289 B1730 Ullity 8ox(17' >: 30") HI20 loading 6 per~~ 
1t1 Steel checl<~r f,llate, H/201odng, bolt ~n 

109 Sleel checker p!ele, HJ20 loading, boll OO..m 
v.ilh reading bd 8' x 12" 

El!tensian 244 12" reinforced eo~Ktete, HJ2() loiclng • 8 per pale! 
Slab 112 Reinforoed c:onetete (20" x 34, 

Galvallb.iftA &'II liable on all !>11iel eove.rt. 

TO FIND CENTIMETERS MULTIPLY INCHES BY 2.5 TO FIND KILOGRAMS MUL. TIPL V 
POUNDS BY ,45 

Copyright 2005 Christy Conaete Pftl(ludS. Inc. AU Rights Reserved 



~Jectrical Boxes Catalog 

1 of2 

Christy Concrete Products 
Bffi.Y r4 ¥ iiiS§t&·?'fi4#4%$1 

Valile Boxes $ 

Electritall e 
Communication Boxes 

PotvmerJ ~ 
l~on rontrele Boxes 

cath Basins i $ 

CUrb InletS 

Elecb'ital \laulls e 

http://www .chl'il'ltyconcrcte .com/clectrical_boxes_ca talog_ 5.htm l, 

; Hamt: Our Catalog Cor,tac! Us EmpioymE:n: For Sa:~ 

Electrical Boxes Catalog 

N36 ELECTRICAL BOX 17 -314" x 30" 

• Etched polyethylene face 

·Face Anchored in 
Concrete 

• Ulta-Violet Inhibitor 

Click llnks for lalger 
views of !he drawings on 
!his page. 

A high density reinforcecl concrete box with non-settling shoulders positioned to 
maintain grade and facilitate back filling. Approximate dimensions shown. 

Christy ~Olt. 
Ordering Sn1pping 
Code Hom VI eight Description 
B36BOX Box 175 N38 Eleclrital 90l( (17 ·1 f4' lC 3(r) Meets PG&E. and 

#6 Slat~; Specif~:abcns · 6 pe~ pall!!!' 
B360 Ud 80 Reinforced oon01ete 
FL'36D lid 28 Fibl'e~e lid, ron-ctnefele 
N36T lid &I Roinforoed oon01ete, bdl dov.n (order separate bolls~ 
FL36T Lid 32 Fi!xe~e lid, boll down (ordel bdls separate) 
836-610 Cover 59 Steel chedcer ~ate 
N~1J Cover 60 Steel ehecker ~at~ bolt dcWn '01d!r bolts stl)l!lralel 
R3&X12 EJd er'l$1«1 119 1 'l' reinforced conaele • 8 pet paUel 
B36SL Slab 113 Reillforoed concrete (20" x 341 
B368A Base 128 6" high, reinforced con=ele 

Gal~ ••~ em aD steel covers. 

TO FIND CENTIMETERS MUL TIPL V INCHES BY 2.5 TO FIND KILOGRAMS MUl TIPL V 
POUNOS BY .45 

• 

• 
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@ PEDESTRIAN TRAFFIC COVER 

@ VEHICULAR TRAFFIC COVER 

@) ANGLEFRAME 

@ COVER HOLD OPEN ASSN" 

@ GUARD BAR & GUARD BAR SOCKET 

{E) COVER BOLT DOWN DEVICE* 

@ COVER LIFT DEVICE* 

&CRIES COVER DIM: IN. 112 COVER WEIGHTS 
NO. a b Type 11 rype 12 

3048 33 23-718 551bs. 110 lbs. 
44 51 23-718 1281bs. .. 

3660 39 29-7/8 751bs. 150 lbs. 
466 51 38-7/B 200ibs. NA 
3672 39 35-718 1451bs. NA 

NOTE: NA=NOT AVAILABLE 

@ TORSION COIL SPRINGS 

Q} STEEL WARE PLAiES 

• ILLUSTRATION IS TYPICAL ONLY OF GENERAL. SERIES 
CONFIGURATION: FOR SPECIFIC CONFIGURATION, 
CALL JENSEN PRECAST. 

SPRING ASSISTED HINGED 
COVERCONAGURAnON 
WITH STYLE ES FRAME 
...._ ___ ----09·12-88 

STYLE ES 



4'-0,. x 4'-0" FLAT WALL VAULT x 4'-0" DEEP 

.ti.QI£S: 

o CONCRETE DESIGNED IN ACCORDANCE WITH MSHTO 
H-20-44 TRAF"FIC LOAOING USING 5,500 P.S.l. [37.92 I.IPoJ 
COMPRESSIVE STRENGTH CONCRETE AND 60,000 
P.SJ. (41.3.2 I.IPo) YIELD STRENGTH ASTU A-706 STEEL 
RElNr()RCING PER CAI.CS.. 

0 COVER DESIGN£0 fOR PAAKWAY LOADING 0 300 P.S.r. 
PER CAI.CS. 

o VAULT TO BE PLACED ON A 6" BAS£ Of CRUSHER RUN 
fOR EASE Or INSTAU..ATION AND EVEN LOAD DISTRIBUTION. 

ORDERING !NFOB!MDON· 

44XF'HH48-4122549A fOR ASSEI.IBLY AS SHOWN. 
TOTAL APAAOX. WEIGHT Of ASSEMBLY AS SHOWN 5,950 lb5. 

GENERAL NOTESi 
t, Minimum soil t1eori119 copoclty Is 

h$reby assumed to be 2000 PSI' 
unless othet'lrise documented by a 
geotechnicol report that shah be 
ptOYlded lD Jensen Precost by 
the end user. Jensen Pn:cast 
shall not be held tesponsib!e tor 
the soli beoring copoclty. 

2. lnstollotion af Monholels, Vaulls, 
Hondholes, Meier 8oxn etc.. will 
b8 os per Jensen lnstollotion 
procedures. 

3. Sltuct.urol modification to the 
Jensen line of products Is nat 
permitted .;thoul prior written 
oppnwal from Jensen 
£n91fteetlng DepOrtment. 

4. Da not scote the drowings.. oerify 
oU dimensions includinl.l rough 
openings, lf cmy cliscrepcmc:les are 
found, notify the Jensen Engineer 
immed'10tely. 

5. The Jensen Engineer will 
interptel the ;ntent of the drowlnga 
In cOR of possible con!roct ar 
cfiSc:reponcy. 

6. Pemrinible Votiolions: 
Oimenslonol Tolerances - The length, 
width, height. or clio. measurements 
ot the structure when measured on 
the lnelde surfoces sholl not 
dwlote form design cfrmenslons by 
more thon the 1011o.;ng: 
Olmenslona: Tolen~nce: 
0 to 5 feet 1/4" 
:1 to 10 reel .3/B" 
10 to 20 f'eel os agreed upon 
between tho suppr.ar ot1d purchaser. 

7. Squorenes& Toleronc:e: 
he Inside of the precosl concrete 
component shoD be square as 
determined by diofOnal measurements. 
The difference between such 
meosurements ahotl not '"'c:eed 
IIIII following: 
Meosured U!ngth: Allowable Difference 
0 to 10 Feet 1/2" 
10 to 20 Feel J/4 • 
20 reel ond over as agreed upon 
between the suppr.ar ond purchoser. 

A 

r 
c 

1. 44X-l42-4122549A. 42" LOWER SECRON (R44X-L42-4122549A). WT. 4,725 lb&. 
2. 44X-T6H, 6" TOP SECTION (CG-LOOP4H-44 (475)) 

CAST-IN G/ld..V (f44-PS-HNG) HINGED f"RAMt.WT. 700 lbs. 
.3. SC44-TGSA, 2 Pc CAI.V TRAffiC SPRING ASSISTED COliER. Wi, 525 lbs. 

7. 4 TON K 4 .3/4" CAI.V. RISS fOR HANDUNG. LOCATE AS fOLLOWS: 
LOWER S£CTION ( 4) CORE IITD.. ( 4) SHELL IITD.; 
TOP RING SECTION (4) CORE t.ITO., (4) SHELL MTD. 

B. 14" W 11 IO"H THRU HOLES. lOCATE AS F'OLLOWS: LOWER S£CTION (2) CORE lotTO. 

W .A. RASIC CONSTRUCTION 
WHITTIER, CA 
S.0.#4122549 
(4) UNITS REQ'D. 

PLAN VIEW 

A 

i 
c 

44XFHH48-4122549A 
01·28-GI 
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4'-0" x 4'-0" FLAT WALL VAULT x 4'-0" DEEP 

.mms: 
o CONCRETE OESIONEO IN ACCOROANCE WITH MSHTO 

H-20-44 TRAFFIC t..OADING USING 5,500 P.S.I. (37.92 MPo) 
COMPRESSIVE STRENCTH CONCRET£ ANO 60.000 
P.S.I. (413.2 UPIIl) 'I'IELD STRENCTH AS'N A-706 STEEL 
REINF'ORCINC PER CALCS. 

D COVER OESICNEO FDR PAAK:tiAY LOADING 0 300 P.S.F'. 
PER CALCS. 

o VAULT TO BE PLACED ON A s• BASE OF' CRUSHER RUN 
fOR EASE OF' INSTAI..I.AnON AND EVEN LOAO OISTRIBURON. 

OBQER!NG INft!RMAJ!QN· 

44XF'HH48-4122549B FDB ASSEMBLY AS SHOWN. 
TOTAL APPROX. WEIGHT OF ASSEMBLY AS SHOWN 5,950 Lbs. 

GENERAl. NOTES: 
1 . Minimum eoil Moring c:opo~ity is 

hereby ossumed to be 2000 PSF' 
unless otherwise documented by o 
~otechnleol Alpott thot shall be 
provided to Jensen Precost by 
the end user. Jensen ~ 
shell not be held responsible for 
the soil beoring c:opocil.y. 

2. lnstollolion of Manholes, Voult.ll, 
Handholes, Meter Boxes etc:. will 
be os per Jansen iM$toUotlon 
procedures. 

J. Struotural modific:olion to lhe 
Jensen line of products is not 
permitled without pr'tOr written 
oppravol from Jensen 
Engineering Deportment. 

4, Do not sc:ole the drowinfs, vet'ily 
oil dimensions including rough 
openlnos, If ony discreponcln ore 
found, notify the Jenun Engineer 
immecf<Otely. 

5. The Jensen Engineer will 
il'lte!pl'et the intent of the ctrowin9s 
in ecme of potllible eonflict or 
dlscreponcy. 

6. Parmisslble Voriotiona: 
Oimensionol T oleronces - The length. 
wlcllh, .height, or dlo. measurements 
of the structure when measured on 
the in$ide SUI'fcces shell not 
devlote form design dimensions by 
more than the followino: 
Oimensiofts: Tolerance: 
0 to S f'eet 1/4• 
5 to 10 F'eel 3/B. 
10 to 20 f'eet os o;reed upon 
bel- lhe suppfiar ond purdlo$er. 

7. Squoreness Tolerance: 
he Inside of lhe precost concrete 
component shoD be square os 
detarmined by diogonol measurements. 
The difference bebreen such 
meosurernents sholl not exc:c:ed 
the following: . 
Ueosured Lenglh: Allowoble Difference 
0 to 10 f'eet 112• 
10 to 20 F'eet 3/4• 
20 F'eet 01111 ewer os ogreed upon 
Htween the supplier ond pun:hoser. 

1. 44X-L42-4122549B, 42" Lowt:R SECTION (R44X-L42-4122549B). WT. 4,725 tbs. 
2. 44X-TSH, 6" TOP SECTION (CC-LOOP4H-44 (475)) 

CAST -IN GM..V (1'44-PS-HNG) HINGED F'!Woi£.WT. 700 lb$. 
3. SC44-TGSA. 2 Pc GM..V TRAFFIC SPRING ASSISTED COVER. WT. 525 lbs. 

7. 4 TON " 4 3/4" GM..V. RlSS FOR HANOLINC. LOCATE AS FOlLOWS: 
LOWER SECTION (4) CORE MTD~ {4) SHELL WTO.: 
TOP RING SECnON {4) CORE MTO .. (4) SH£U. MTO. 

8. 14" W " IO"H THAll HOLES. LOCATE AS FDLLOWS: IDWER SECTION (1) CORE t.ITO. 

W.A. RASIC CONSTRUCTION 
WHITTIER, CA 
S.0.#4 122549 
( 1) UNIT REQ'D. 

PLAN VIEW 

A 

i 
c 

44XFHH48-41225498 
G1•2HI • 
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4'-0" x 4'-0" FLAT WALL VAULT x 4'-0" DEEP 

~ 

o CONCRETE DESIGN£D IN ACCORDANCE WITH AASHTO 
H-2D-44 TRAfFIC LOADING USING 5,500 P.S.I. [37.92 MPo] 
COUPRESSIVE STRENGTH CONCRm AND 60,000 
P.S.I. [413.2 liiPa) YIELD STRENGTH ASTM A-706 STEEL 
REINf'ORCING PER CAI..CS. 

a COVER DESIGNED F'OR PARKWAY LOADING 0 JOO P.S.F'. 
PER CALCS. 

D VAULT TO BE PLACED ON A 6" BASE OF' CRUSHER RUN 
F'OR EASE OF' INSTALLATION AND EVEN LOAD DISTRIBUTION. 

ORQERING INfOR!.!ADON· 

44XFV48-4122549A F'OR ASSEMBLY AS SHOWN. 

TOTAL APPROX. WEIGHT Of' ASSEI.IBI.Y AS SHOWN 6,100 Lbs. 

GENERAL NOTES: 
1, Minlmum soil bearing capacity is 

hereby assumed to be 2000 PSI' 
unless otherwise documented by a 
geotechnical report thot shall be 
provided to Jensen Precast by 
the end user. Jensen Precast 
shaD not be held responsible for 
the soil bearing capacity. 

2. lnstallolion ol Monholes. Vaults, 
Handl\oles, Meter Boxes etc:. wm 
be as per Jensen installation 
procedures. 

3. Structural modific:otion to the 
Jensen line or products is not 
permitted without prior written 
approval from Jensen 
Engineering Department. 

4. Do not sc:alo the drawings, verify 
oR dimensions Including rough 
openings, II any disc:reponcitls ore 
round, notify the Jensen Engineer 
immed'<Otely. 

5. The Jensen Engineer wUI 
interpret the intent or the drawings 
In c:ose of possible conflict or 
discrepancy. 

6. Permissible Variolions: 
Dimensional Tolerances - The length, 
width, height, or dio. meoauraments 
or the structure when measured on 
the inside surfaces shall not 
d"viote form design dimensions by 
more than the following: 
Dimensions: Tolerance: 
0 to 5 F'eet 1/4" 
5 to 10 F'eet J/8" 
10 to 20 f'eet os agreed upon 
between the supplier and purchoser. 

7. Squareneaa Tolerance: 
he Inside or the precast concrete 
component shaD be squara as 
determined by diagonal measurements. 
The difference between such 
measurements shall not exceed 
the following: 
Measured Length: Allowable Diflerance 
0 Ia 10 reel 1/2" 
10 to 20 F'eet J/4" 
20 F'eet and over as agreed upon 
between the supplier and purc:hoser. 

A 

t 
c 

I. 44X-L40-4122549A, 40" LOWER SECTION (R44X-L40-4122549A). WT. 4,500 Lbs. 

2. 44X-T8-4122549, 8" TOP SLAB (R-44X-T8-4122549) 
CAST-IN USF' THS J6" x 36" F'IW.IE.WT. 1,600 Lbs. 

3. USF' THS J6" x J6" ALUUINUU OCCASIONAL TRAF'F'IC SPRING ASSISTED COVER. 
7. 4 TON x 4 .l/4" CALV. RISS F'OR HANDLING. LOCATE AS FOLLOWS: 

LOWER SECTION (4) CORE lo!TO., (4) SHEU UTO.; 
TOP SLA8 ( 4} SURFACE liTO. 

8. 14" W • IO"H THRU HOLES. LOCATE AS FOLLOWS: LOWER SECTION (2) CORE ldTO. 

W.A. RASIC CONSTRUCTION 
WHITTIER, CA 
S.0.#4122549 
( 4) UNITS REQ'D. 

PLAN VIEW 

A 

i 
c 

IIIGUI DtlYAlOI !lE: 
~-( I 5'-f 111P11111fdD. 

44XFV48-4122549A 
01-28-(8 • 
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4'-0" x 4'-0" FLAT WALL VAULT x 4'-0" DEEP 

JiQlES: 

c CONCREJE DESIGNED IN ACCORDANCE WITH MSHTO 
li-20-4-t TRAfFIC LOADING USING 5,500 P.S.f. [37.92 MPo) 
COJ.IPRESSIVE STRENGTH CONCRETE ANO 60,000 
P.S.I. [413.2 MPG] YIELD STRENGTH ASTM A-706 STEEL 
REINFORCING PER CALCS. 

D COVER OESIGNEO f'OR PARKWAY LOADING 0 300 P.S.F'. 
PER CALCS. 

c VAULT TO BE PlACED ON A 6" BASE OF' CRUSHER RUN 
fl)R £AS£ OF INSTAUATION 'ANO EVEN LOAD OISTRtaunON. 

ORDERING INF'ORWJION· 

44XFV48-41225498 f'OR ASSEMBLY AS SHOWN. 
TOTAL APPROX. WEICHT Of' ASSEJ.ISLY AS SHOWN 6,100 Lbs. 

CEN£RAL NOTE'S: 
t • M"tt~imum 150il beorin9 coi)Oeity is 

hereby oSS~~med to be 2000 PSF' 
unless otherwise documented by o 
980iechnicol report thot shall be 
provided to Jensen Precost b)' 
the end user. Jensen Precost 
sholl not be held responsible lor 
the soil beoring copoclty. 

2. lnslollolion of lktlholes, Vcrulls, 
Honat!Oies. Meter 8oxes etc. will 
be oa per Jensen 1"11tollolion 
proceduru. 

J. Struc:tural modificolion to the 
Jensen line of products Is not 
permitted withOut prior written 
opprovol from Jensen 
£ngineer"anv Oeportrnent. 

4. Oo not 11:9ie the drowings, verify 
oU dimensions including 11111gh 
openin911, if on)' discrepancies are 
found, notify (he Jensen Engineer 
immediotel)'. 

5. The Jensen Engineer wln 
interpret the intent of the drawings 
In c:ose of poss;ble confrtet or 
d"ISCreponcy. 

6. Permissible Variations: 
Oimensionol Toleronees - The length, 
width, height. or dio. meosuremenhl 
of the structure when meGIIW'ed on 
the inside ellffoces GhoH not 
dtn'iote form design dll'nensions by 
more lhon the followi"'J: 
Dimensions: Toleronce: 
D to 5 reet 1/4. 
5 to tO Feet Jjs• 
1 0 to 20 reel os ogreed ui)On 
between the suppfier ond purchos&r. 

7, Sqyorenef!l TOlerance: 
he Inside of the precast concrete 
cornponeRt shoft be squore os 
det«mined by dlogonol meosuremenls. 
The cr.tference between such 
meosurernenls shall not exceed 
the following: 
Measured Length: Allowoble Difference 
0 to 10 reet 1/2" 
10 to 20 Feet 3/4" 
20 reel ond over os agreed upon 
between the supplier ond purchoser. 

A 

t 
c 

1. 44X-t40-4122S499, 40" tOWER SECTION {R44X-L40-4122549B). WT. 4,500 Lbs. 
2. 44X-T8-4122549, s· TOP SlAil (R-44X-TII-4122549) 

CAST-IN USF' TliS 36" • 36" F'RAUE.WT. 1,600 Lbs. 
J. USf THS 36" x 36" ALUMINUM OCCASIONAL TRAfFIC SPRING ASSISTED COVER. 
7. 4 TON • 4 3/4" GN..V. RISS F'OR HANOUNC. LOCATE AS f'OU.OWS: 

LOWER SECTION (4) CORE lotTO., (4) SHELL MTO.; 
TOP stA8 (4) SURFACE MTO. 

8. 14" W x 10"H THRU HOL.£S. lOCATE AS fOLLOWS: LDWER SECTION (1) CORE UTO. 

W.A. RASIC CONSTRUCTION 
WHITIIER, CA 
S.0.#41 22549 
(4) UNITS REQ'D. 

. 
I . 
I ...---·-· 
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The heavy-duty trough type floor access door with drainable frame is designed for interior and exterior applications where dirt 
and water are to be prevented from falling Into the area below. It Is designed for off-street locations that may occasionally receive 
AASHTO H-20-44 wheel loads. 

'· 
SPECIACATIONS: The floor access door shall be Model THS as manufactured by U.S.F. Fabrication, Inc. with the size being 
specified on the plans. Door le,af shall be 1/4-lnch thick aluminum diamond plate reinforced for an AASHTO H-2o-44 wheel load. 
Upon request, manufacturer shall provide structural calculations showing that the door design meets the loading requirements of 
AASHTO H20-44. (The floor access door is designed for off-street locations that may occasionally receive AASHTO H-20·44 wheel 
loads.) The frame shall be extruded aluminum trough section with an integral anchor flange on all four sides. The frame shall include 
an EPDM odor reduction gasket that reduces the amount of odor that escapes from below the door and a 1 112-lnch threaded drain 
coupling. The floor access door shall be equipped with a lifting handle that does not protrude above the cover, and a 316 stainless 
steel hold open arm with red vinyl grip that automatically keeps the cover In its upright, apen position. The door shall have 316 
stainless steel hinges and 316 stainless steel tamper resistant boltsllocknuts. The door shall have stainless steel open horizontal 
springs to assist in opening the cover and reducing the force during closing. The door shall be equipped with a watertight 316 
stainless steel slamlock with threaded plug, removable outside key, and fixed inside handle. The slamlock latches onto a 316 
stainless steel striker plate that: Is bolted to the frame. All parts of the frame in contact with concrete shall have a coating of 
bituminous paint. An adhesive backed vinyl material that protects the product during shipping and Installation shall cover the entire 
top of the frame and cover. lnsfallation shall be In accordance with the manufacturer's attached instructions. The entire frame 
including the seat on which the reinforcing rests shall be supported by concrete or other material designed to support the specified 
load. The door shall be manufactured and assembled in the United States. Manufacturer shall guarantee the door against defects 
In materials and workmanship for a period of ten years. 

,.. 
,.. 
,.. 
,.. 
,.. 
)> 

OPTIONAL FEATURES 

Enclosed, stainless steel horizontal springs for easy ,.. Nut rails with stainless steel sliding nuts for attaching 
opening, see page 81 cable holders, brackets & other hardware, see page 85 
Recessed staple and other locking devices, see page 78 ,.. Anodized finish, see page 80 
Frame skirts for easy casting into a concrete top slab, ,.. Stainless steel safety chains with aluminum support 
see page 78 posts, see page 80 
Debris gasket, see page 79 ,.. Fall Through Prevention Systems, see pages 82-83 
Fiberglass insulation with metal liner, see page 80 )> Slip resistant surface bonded to cover plate, see page 80 
Custom lettering, see page 79 > Side drain coupling (instead of standard bottom drain) 

• Weight shown Is of our standard hatch only, and does not Include any optional features. ••Also referred to as "Actual Opening" 
which can vary to suit application. -·AJso referred to as "Concrete Opening" when door Is cast into 0011Cfet&. ..-n;s Aluminum 
floor access doors are intended for off-street locations that may occasionally receive AASHTO H-20-44 wheel loads (16,000 lbs. over 
10" x 20" area+ 30% i!'flpact factor). For parking Jot applications, see P-AHS and P-AHD (pages 62 to 65). For direct traffic 
appllcaUons, see steel DT-AHS and DT-AHD (pages 66 to 69). For other direct traffic applications, see east Iron frames & 
covers (pages 74 to 75). 

CUSTOM SIZES READILY AVAILABLE 
We reserve the Jighl to modify specJRcatlons and drawings without prior notice. 

• t 
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316 STAINLESS 
STEEL SLAMLOCK 

STAINLESS STEEL 
SPRINGS 

316 STAINLESS 
STEEL AUTOMATIC 
HOLD OPEN ARM 
WITH RED VINYL GRIP 

MATERIAL: ALUMINUM WITH STAINLESS STEEL 
SPRINGS, 316 STAINLESS STEEL NUTS & BOLTS, 
HINGES, AND HOLD OPEN ARM. 

DESIGNED FOR OFF-STREET 
LOCATIONS WHICH MAY OCCASIONALLY 
RECEIVE H-20 WHEEL LOADS. 

-BITUMINOUS COATING IS APPLIED TO AREA 
OF FRAME IN CONTACT WITH CONCRETE. 

I 

1 1 /2" (38 MM) DIA. 
DRAIN COUPLING 

\REMOVABLE -=4 KEY WRENCH 

WAlERllGH\ 
PLUG 

r ODOR REDUCTION 
I GASKET 

1 / 4" EXTRUDED TROUGH SECTION 
W/INTEGRAL CONTINUOUS ANCHOR 
FLANGE. & GROOVE FOR GASKET 
FRAME MA T'L: ALUMINUM 6063-TS 

. FRAME DETAIL 

HEAVY DUTY 316 
STAINLESS STEEL HINGES 
W/TAMPER PROOF BOLTS 
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Operat·"~ lntU~ItCJr,. j11"'(3 Pertt Mi!lrJ..,al 1V.X03, 2XH5i and ;J.X1 1 

Replacement Parts List 
N.f'f. P.u1. Numb<'r for Models: 
r.o. De"o.:ription 1~·,)(T.JJ- - lXH5 2x11 Qry~ 

01 Strainer wlbonom pLJl• 26816-617 26816-617 26816 ~17 
OS lm~ll@f XCI 26816·601 26816-Ql2 26811i-S02 
07 l~ller lloucing/5uction cOW< 26816-601 26816-601 26816-501 

07-1 0-rinq 1 1 I I 
08 Ott ell""' IN>' (0111!1 N/A NIA N/A 
08·1 G~,k~ 1 ' 1 

09 Upwal Buna H 26816.007 26816·007 26816-507 I 
10 Slli!lt ,,._, 26816·ll9 26816·139 16811i Sl9 1 
1) l\ollt<henotal "111ft war dual 26816.00) 26816 OOJ 26816·50) 1 

II(IIN siVceram, up ceram/tarb} 

14 Ball t...anng (lower) . . . 
16 Casing loute<l 26816 611 26816-611 26816-511 
16·1 ~!'~ 1 I 1 

17 Rotor N/A N/A NIA 
18 St.rtor NIA N/A N/A 
20 Ball bear~ng (upper) . . 
21A ·0;1 chiimbet · NIA .. Nil< NIA 
21A·I ().nng 1 , I 
218 -~'0'.!~!.' i~e!.'l ______ N/A N/A N/A 

218-1 Onng 1 1 t 
2l O.orload NIA N/A N/A 
24 Capad1or N/A NIA N/A 
26--- Pumpcover(IOI))-- · ---- 268i&~6,42iil"14-miS-514-- ·i 
26-1 Ga•kel t t 1 1 
27 -~'cab~ wf9.1and ---- __ ---- _26816-015 26816-0lS 26816-215 I 
27·1 
liE 
)2 
)4 

l5 

Ga1k~ 
Ground Wirt' wf lt'rmlnal 
Clrp 

ltandle 
Rod boll 
Pip<' nipple 

I 

N/A 
26816-020 

26816-521 
N/A 
26815-622 

1 
NIA 
26816-020 

26816-521 
NIA 
26816-022 

I 
N/A 
26816-020 

26816-521 
N/A 
26816-022 38 

3a:f"' 
50-01 
50-07 

Ol<cllar~ lli.;;go as..,;;;t.iy
Screw 

--.•. -26&16-609' ~509-268t6-so9 

Screw 

50-08 Scrt'W 
SO. II Screw W/o rinq 
50-16 Screw 

50-27 
50 )IE 
5032 

Screw 
50I!W 
Screw 

SO )4 Screw 
50-JBN Nul 
50-lBW W.Mher 

Ga>ke! ktt. 8ur>a N (tll(ludes Rei 26816 616 
No• 07-1,08 I, 16 1 21A I, 218·1, 
l6 I, 27-1. 50 11) 

float Jwltch. p•qqvba<~ ~5-930 
(" ~ Stdndard hardware 1tern available locally 

26816 616 26816 516 

55-930 55 950 

1/luootrtllimr.\ 

I I .'\I ;, ll Ill' I I"'\ 11' 1.11 II/ 
7\11' < Ill' II~\ II' loti II/ 
2.\ 1 I II II' II~\· I I' hll 117 
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Sample Engineering Specification 
All thmnoplastte ball valn-:s shall be Compact scaled unit 
type constructed from PVC Type I. ASTM D I 7i:i4 Cell 
Cla~sification 12454 or CPVC Type IV. Cell Classification 
23447. All 0-rings shall b.: EPDM or Vuon''. All valves 
shall have Safc-T-Shcar" ~tcm and Polypropylene handle. 
All \·ah·cs shall be certified by NSF lrucm:uion::\1 for usc tn 
potab!l.." water service. All 1;2" - :?" vah·cs shall be pressure 
rat.:d at 235 r~i. all 3" - (i" and all lhngcd valve-> ~hall be 
pressure rated at 150 psi for water at 73''f·. as manufactured 
by Spear' • Manuf<tcluring Company. 

Quick-View Valve Selection Chart 

Valvo 0-ring PVC Part Numbers1 
Size Material Socket ! Threaded Flanged 

EPDM 2122-005 I 2121-{)05 2123-005 
1/2 ' 

Vi ton"' 2132-005 I 2131-005 2133-005 

EPDM 2122·007 2121..()07 2123-007 
3/4 

Vilon(i• 2132-007 2131-007 2133-007 
EPDM 2122-010 2121-010 2123-010 

1 ' VitonG• 2132-010 ! 2131-010 2133-010 

1-114 
EPDM 2122-012 2121-012 2123-012 

Vnon'-' 2132·012 I 2131-012 2133-012 

EPDM 2122-015 2121-015 2123-015 i 

1-1/2 
Vllon·• 2132-015 ' 2131-015 2133-015 
EPDM 2122-020 2121-020 2123-020 

2 
Vi tori<' 2132-020 2131-020 2133·020 

EPDM 2122-030 2121-030 2123-030 
3 Vtton') 2132-030 2131-030 2133-030 

EPDM 2122-040 
' 

2121-040 2123-040 
4 

Vl!on'·• 2132-040 ! 2131-040 2133-040 
·--t-

EPDM 2122-060 I - 2123-060 
6 

Viton<:J 2132-060 ! 2133-060 -

30 

Features - PVC, CPVC 
Tht$ industtial grade. quarter tum shuto!T valve is popular 
\\here maintcmmcc-fi·ce in~tallation'i arc desired fur a variety 
of chemical processing. industrial and OEM applications. 
IPS Sizes l i::!"- .:1'' available with socket. thr.:aded or tlanged 
end ~:onntctors. h" size available \\ ith sm:k,~t or tlang.::d cnJ 
conn.::ctors. 6" valve uses high-ciYiciency lever style handle 
for easier operation. 

• Chemical & Corrosion Resistant PVC or CPVC 
Construction 

• Maintenance-Free Sealed Unit 

• Schedule 80 Full-Bore Design 

• High Impact Polypropylene Handle 

• Spearsl· Single 0-ring Safe-T-Shear~ Stem Design 

• EPDM or VitonJ 0-rings 

• Self Adjusting PTFE Floating Seat Destgn 

• Sizes 1/2" - 2" Pressure Rated to 235 psi @ 73"F. 
Sizes 3" - 6" and all Flanged Pressure Rated to 150 
psi@ 73"F 

• NSF Certtfied for Potable Water use 

• Swtable for Vacuum Service 

• Assembled with Siltcone-Free. Water Soluble Lubricant 

• Manufactured to ASTM F 1970 
Note: Valve sue 6" uses Lever Handle (001 st·own) 

Pressure 
Rating 

23o pSI 

Non-Shock 
Wat(;r 

@ 73"F 

(Flanged 
150ps• 

Non-Snocl<) 

Water 
@73 F 

150 pSI 

Non-Shock 
Water 

@ 73"F 

Optional Accessories* 

• Round Safety Handle 

• Stem Extension Kit 

• Mini-Mount Actuation Mountmg Kit 

• 2" Square/T-Style Operator Nul 

"S-"e ''BALL VALVE ACCESSORIES" sou O'• 
fc~ Oc.t<J1Ir. of ,.nd1• dun! produc.l!l 



( COMPACT BALL VALVES ) • 

F 

Dimensions. Weights, Operating Torque & Cv Values 

Nominal 
Dimension Reference (incnes, :t 1115) Approx. Wt. Oper.2 Cv3Values 

Size A 
B1 

c E" F G 
(Lbs.) Torque 

Soeket Threaded 
0 

PVC CPVC (ln.-lb.) Socffhd Flanged 
112 1-11/16 1-5/8 1-7/8 ~3!8 2-5116 2-314 3-112 2-17132 .31 .32 20 36 20 

3!4 2-1/8 1-15!16 2-7116 4-1116 2-11/16 3-1/4 3-718 2-27132 .49 52 30 74 42 • 1 2-7/16' 2-1/16 2-3/8 4-7116· 2-718 3-314 4-114 3-1/16 64 69 40 141 80 
1·114 2-13116 2-3/8 3 14-15.116 3-5116 4-11'8 ~ 84 163 

-----::--· 
. 2~13116 3-1!2 3-11!16 4-112 80 229 1-112· 3-1/4 1:39 1.45 

2 4-1116 3-3!8 4-7/16 6-1/2 4-318 5-1/4 s..1ts 1 4-13132 2.33 2.45 90 429 

3 5-5116 4-9116 5-1/2 8-5116 5-11'2 7 -21f32 7-112 ' 5-7/1!) 4.49 5.02 300 1660 1079 

4 7-3/8 6-3/16 7-3116 Hl-5/32 6-5!8 10-27132 9-1/16 6-'718 950 10.24 400 3104 2028 
10-3/16 8 1()..3/4 14-118 8-1!16 14-5116 11-1/4 8;21/32 21.48 23.41 900 7942 5268 

1· Vatvo Lo~ Lo'ngln 
L' rurquc- H>qu.rcd dt vdve'rnt.U;1l'Tl:.,:;rt1 igtern.'lt :; ru ... er. fio'.\1 vcluc::ly 
.l G:.aJoO!'> pru minutes. at 1 nt.>i' pms~tn& !o~ lrorl.J va~ ength U<JsnC on dcr.vakve of Hazen-Wrl!ta-ns fl(tll..3l)O't wstr• st~riac;e rougttrn~ss 1adD.t o1 C = 150, 
A; .s·· 1J'?Jiva !'as ~ver h2ndlrt. d!mtHUo~nti I!. ttom vaf1f! c..fmtothnt· ;r~t 

Temperature Pressure Rating 
System Operating 100 110 120 130 140 150 160 170 180 190 200 210 

Temperature "F (•C) (38) (43) (49) (54) (60) (66) (71) (77) (82) {88) (93) (99) 

PVC 235 211 150 75 50 ..().. -0- -0- -0- -0- .().. -0-

1/2" -2" 
(1.62) (1.45) i1.03) (.52) (.34) {·0-) (-0-) (-0-) ( -0-) (-0-) (-0:) (-0-) 

Valve CPVC 235 219 170 145 130 110 90 80 70 60 50 -0-

Pressure (1 62) {1.51) {1.17) (1.00) (:90) (.76) ( 62} (.55) (.48) (.41) {.34) (-0-) 
Rating 

PVC ~ "' 
110 75 50 -0- ..().. ..(). ..().. -0- -0- ..().. 

psi (MPa) ( (.93) (.76) (.52) (.34) (..Q..} (-0-) ( .Q-) (-0-) {-0-) w. 3". 6" 

CPVC 
140 130 120 110 100 90 80. 70 60 

( (.97) (.90) {.83) {.76) (.70) (.62) (.55) ( 48) (.41) 
. 
) 

NOT FOR USE WITH COMPRESSED AIR OR GASES 

31 • 
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Butterfly Valves 
1·1/2# to 12"' • Bodies· PVC, Corzan® CPVC, PPL 
Disks • PVC, Corzan® CPVC, PPL, PVDF 

/ 
I 

Features 

• Rated at 150 PSI 

• Stainless Steel Shaft 

• Fully Supported Flange 
Bolt Holes 

• Full Body, V-Notch Liner 

• Blowout-Proof Shaft 

• Vitoni!:-, EPDM or Nitrile Liners 

• Wafer Body Design 

• Conforms to ANSI B16.10 
Face-to-Face Dimensions 

I 

Options 

• Stem Extensions 

• Lug Body Design 

• Gear Operators 

• Electric Actuators 

• Pneumatic Actuators 

• Titanium Shaft 

• 2" Square Operating Nut 

• PVDF Discs 

• Actuator Mounts 

A Better Butterfly Valve 
Hayward 1-1/2" through 12·· all-Plastic 
Butterfly Valves are rated at a lull 150 PSI. 
Unlike other plastic butterfly valves. Hayward 
valves are constructed from a one piece 
body thaltncorporates fully supported 
flanged boil holes to prevent stressmg of the 
mating pipe flanges. Their heavy duty con
structiOn stands up to tt1e most demanding 
applications, The rock solid integral mount
ing pad ensures that the valve operator will 
function reliably - whichever operator is 
used, lever handle. gear box or actuator. 

Extra Features, No Extra 
Cost 
Hayward Bullerfly Valves fealUie a blowout
proof stainless steel stem and a unique, full 
body hner that has a V-notch retention 
design. This assures positive sealing of the 
liner to the valve body. An integrally molded 
face seal provides positive sealing against 
the ma!tng flange Without the need for addi
tional gaskets. Ttle lever handle has a built 
in lockout feature and every Hayward valve 
is ready lor ac:uation. 

Better Sealing 
Other plastic butlerfly valves have only a 
thin o-ring on the d1sk to seal the valve. but 
t-layward valves feature a lull body :iner seal. 
ThiS means that the process med1a never 
contacts !he valve body. And you can count 
on the lull liner seal to perform reliably, year 
after year. 

Easy Retrofit 
Hayward Butterfly Valves can be easily fitted 
into a metal piping system All valve sizes 
meet industry face-to-!ace standards
allowtng simple retrofit. 

No Metal, No Corrosion 
These valves have no metal in contact with 
the process med1a. T11ey cannot corrode or 
rust- nor will they contaminate sensit1ve 
fluids flowing through them. 

C.::'rzan"' ts a f(~gistmed lradernark of Noveon. Inc. 
A, Vi10n'· .s a registered :rndemark of OuPon: 

------- ------- ..... ------------------------------------------------------ - ... --------~- -------------1 



Technical Information 

lever Handle Operator Gear Box Operator 

• ---- H -1- -1 

Dimensions - Inches I Millimeters 

Size I A 8 c D E F Gear Box 

1 1/2 i 50, 6.00/1:,2 1.75/44 1.50138 .63/16 4 3.88/99 9.311 ?36 

21 G3 6.00 I 152 1.75! 44 1 50 i :l8 75 I 19 4 475/121 9 31 ! 236 

3190 7.75/197 3.13180 2.00/51 .75/19 4 6.001152 9 75/ ?48 

4/ "10 9 251235 3 9~ 11(10 2 19/56 .75/ 19 8 '1.50/191 10 19/259 

61160 11.25 I 286 5.81 I 148 2.31 j 59 .88122 8 9.50/W 12.38 I 314 

61 ??~ 13.75/ :\49 7.75/197 2 50 I 64 88/22 8 11 75/ 29li 13!!0/343 

10/780 !16.00/406 9 76/ ?48 3.00! 76 1.00/25 12 14.25 I :10?. 16.00/ ~Q(j 

\Q f 315,19.00/483 11.50 /29? 3.18 I 01 1.00 I 25 12 17.00/432 17.50/445 

CIN melnc llanges ava<labie 

Cv Factors 
/Size Factor Size Factor'\ 

1-1/2" 90 6" 1100 

2" 125 8" 2500 

3" 280 10" 4700 ----- ,~_, ~~ 

4" 675 12" 7100 

Selection Chart 
Size Body Disc 

Material Material 

"1-1/2"to 8" CPVC CPVC 

Pressure Loss 
Calculation Formula 

~P=[g,f 
AP - Pno,1ssure Orop 
0 = Flow in GPM 

Cv = Flow C:oeflicier.: 

Shaft I Material 

I 

Uner 

G H 
Lever Gear Box 

6.25/1~9 7.13/181 

6.25 f 159 7.13 I 181 

6.69 I 1/0 7.13/1111 

7.94 /202 7.131 181 

9.50 I 24 i 7.13/181 

Parts List 
Buttel'fly Valves 

1. Operator (Lever or 
Gear Box) 

2. Disc 
3. Body 
4. Liner 

Lever J K Wt. Lb/Kg 

10,50/267 800/203 1.88/48 10.5/U 

10.50 I '167 8.00 i 203 1.88/ 48 10.5! 4.8 

10.50/267 800/203 1.88148 11.6/ ;,.3 

12.00 f 305 8.00/203 1.88 I 48 14.3/6~ 

14.001356 8.00/203 1.88/43 15.4 !7.0 

10.63 I :!70 7.13/181 16.00/406 8.00/203 1.88/48 23.5 I 10.1 

N/A 8.09 f ?05 NIA 8 00/203 2 36 f 59 39.0/17.7 

N/A 8.09/205 NIA 8.00 /203 2.36/ ~9 5101 23:J) 

Operating Temperature/Pressure 

40 liO 60 10 aJ lilQ 100 110 120 1.30 

1till f-+.H-++1 4-J. 

• 
60 10 100 120 140 UIO 1010 lOCI 220 t4C 200 UD 

'lt:I>'IPERAWIIE "F 

Operator Pressure 
Rating 

150 PSI 

1·1/2"l0 8" PVC PVC, PPL. or PVDF I 316 SSTL I FPM, EPDM Lever or @70,F 

1-1/2" lo 12" PPL PPL i or Nitrile Gear Box 
Non-Shock 

• CPVC/CPVC a· gear operated only 

11 www.haywardflowcontrol.com 

• 

• 
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True Union Ball Check Valves 
1/4" to 6" PVC, Corzan® CPVC, PPL 

Features 
• Full Port Design to 4" 
.. True Union Design 
• Easy Maintenance 
• FPM or EPDM Seals 
• Unique Square Cut Seat 
• Works in Any Position 

Except Downflow 

Corzan<EI •s a reg•s•ered trademorll <Jf No•eor, Inc • 

Options 

• Foot Valve Screens 

Backflow Prevention \2: 
Hayward True Union Ball Check Valves pre-
vent reversal of flow in piping systems. They ~': 

are ideal where backflow could potentially 
cause damage to pumps, filters. or process 
equipment. 

Automatic Operation 
Hayward True Union Ball Check Valves 
operate without the need lor any adjust
ments or settirgs. Line pressu·e moves the 
solid plastic bail oft the elastomer seat. 
opening the valve. When the •n!et flow 
stops, back pressure moves the bail back 
onto the seat ·- stooping tho flow. 
Additionally, this valve features a unique 
square-cut elastomer seat to seal at tow 
back pressures. 

Ji-ue Union Design 
Sizes 1/2~ to 6~ feature a true union design. 
This allows for easy removal from a piping 
system without breaking down piping con
nections. Just uns:::rew the two assembly 
nuts and lilt the valve body out of the line. A 
Trim Check design is used for !he 1/4" and 
3/8" sizes. While not true union. the valves 
are tully repairable, unlike some other small· 
er check valves. 

No Corrosion Failures 
Because o! their ali-plast•c construction. 
these valves will never Jam or slick as a 
result of rust or corrosion. Also they wilt not 
contammate sens,!ive fluids thai come mto 
contact with them. 



Technical Information 

True Check with foot 
valve screen installed 

Dimensions - Inches I Millimeters 
Size A 8 c 0 

1/4' 0.31 I 8 1.38/35 0.50/13 
3/S~ 3.06/78 0.31 /8 1.38 I 35 0.50/13 

1!2'! 20' 4.63/118 0 50 I 13 2.25/57 0.75/19 

ISW /25' 4.75 j 121 0.75 I 19 2.63/67 1.0/25 1 
1''/32' 5.25/133 1 1.oo 12s 3.00/76 1 25 I 32 I 

1·114'} 40' 8.301160 1.25/32 4.00 { 102 1.751·14 I 

1-112"! 5P' 6.75/ 171 1.50138 4.00/102 1.75! 44 I 
2" /63" 8.00/203 i .94/49 4.75/ 121 2 25 I 57 i ___ ......_~-· 
2-112" 10.68; 271 2.88/73 6.56/ 167 3.25/83 

3" I 90" 10.56:268 2.88/73 6.561 167 3.25 I 83 

4"/ 110' 12.94/329 4.00/102 8.56 I 217 4.25 I 106 

\.... 6" NIA 4.001102 N!A 4.25/100 

E F 

NIA N/A 

NIA NIA 

6.75/171 •UlS /124 

7.13 I 181 5.00 I 127 

7.75/197 5.88/14 

IU9/233 6 94 I 17 

9.751248 7.06/17 

11.25 I 2.86 8.56/217 

14.381 365 11.25/286 

14.38/365 11.251286 

17.00/432 14.63 I 372 

19.19 I 487 NIA 

Parts List 
True Union Ball 
Check Valves 

1. Body 
2. 0-Aing Seals 
3. Square Cut 0-Ring Seat 
4. Seal Retatner 
5. End Connector 
6. Union Nul 

G Weight - (lb I kg) 
Socket/Threaded Flanged 

N/A 0.13 I .06 =t N/A 

NIA 0.13/ .00 N!A 

2.32159 0.75/ 34 1.00! 45 

2.60/66 0.75/ .3:1 1.38! .63 

2.881 73 1.25/ 57 2.13! .97 

3 75/ !;)5 2.00/.90 3.75 I, .70 

3.75 I 95 2.00/ .9G 3.75 f 1 70 

4.50 I 114 3.75! 1.70 5.75/2.60 

2.50/ &4 10.00 f 4.54 14.00 I 6 36 

2.50164 \0.00 I 4.54 14.00/6.36 

4.25 1108 17.00/7.72 2o.OO f 11.36 

N/A N/A 30.20 j 13.73 

• Mntrlc: End Conn~ons Availabtu in; SSP • S!r<li!Jhl Thread. BSP TA- Taperod nnead and Mi!tric Sod<P.t 

Selection Chart Operating Temperature/Pressure 

~ T1hn ChPt:k Oe~1gn 

"" 4v V<:lJ~ V\!'.ff.Url~rl fu 6~ 

••" 2' RotC\! ;:t lOO PSI 

End. Conn. S 

Socket or Threaded 

Socket. Threaded. 
or Flanged 

Threadsd 

Flanged 
FPM 

150 PSI 
®70"F 

Pressure Loss 
Calculation Formula 

~P=[g]" 
,\P ~ PrasslJH~ Drop 
0 ~ Flow in GF'M 

Cv e Flow Cooii!Cte"ll 

Cv Factors 
Size Factor Size 

114' 1.0 1-1/2" 

318" 3.0 2" 

1/2" 4.8 

314" 

• 

• 

• 



• 

• 

liu•l (..__r._R_U_E_U_N_IO_N_2_oo_o_I_N_D_us_li_'R_IA_L_B_A_L_L_vA_L_VJ_E_s_,] 

Features - PVC, CPVC 
i11is mulli-fcaturcd. ~ce saving quancr-mm ~huto!f \'alve 1s dcsign~'ll Ill m..-1.'1 th.: 
demand~ of luday's indll.~tnal and chl·mical pruc,·s~ing applications PVC ;md CI'\'C 
valves are :1\ailablc in IPS si7k'S 11,2" Lhmugh (,"with S{l('kctrcg.ular thr.:m.l. SR !Spc·d;:l 

Reintun:~d) thread. flang!.'tl or spigot end conncc1ors :mil l'l" Venturi,'<~ \'alvc 1\ uh S••.:kt:t •II 
illl!lgL'Ii ends. AI~~ available 111 metnc sm:la:ot ami BSl' threml si<:c~ 1. ::!" thruugh ~· 

Sample Engineering Specification 
,\11 !ht'mlopiN•~· hall \ah.-~ ~1~;•1\ ll~ True \Jnitm :moo lndu..:trial I}~ 
mmmfactun:d Ill :\~lXl F 1 1)70 Jrl\1 o:tm,;tru.:t.:-d from 1'\'C Type I, .<\STM 
I> 17S4 Cdl ClasslHr::lln~n 11-+:'4 ur CI'\'C l)'pc IV. ASTM 0171{4 Cell 
C!a,~•lkati'"' 2 qJ7 ,\II 0-lln!,;S <;hall !'It> EI'DM or Vitnn ,. A !I \'ah·cs shall 
h.t\" SJtc-T-Sh.::.r' st .. -nl 11 nh dclubl.: 0-rmg stem seals. All \'al\"1." handles 
•h:di he poly!'lropy:l.'nr; wnh I'!Uth-in lt1dmut mechanism All vakc union nuts 
~twil h.11.: Hulll'l."~" 1hrcad~ All !'cal l.'amcr> sh.'lll ~ Safe:-T-Uiuckcd". All 
,,,11.: .:nmponcnl< •h;di h.: tr:phtrc;~bk. All 1·ahc> >hall be ccnilicd hy ~SF 
hlh:ru;lliLIU:tl ror u<c in jlOlllbk \\:lll."r >CrYicc. All l '!."through 4" \":!IWS shall 
1><: pr..-~~m..: ml~:d ll' 2.'5 p:.i. all(," ;mu 1\" Vcntuncd and all flanged vuh·cs shall 
be pr··~,ur.· r.nr:J "' I 'i(l Jhol li.lr \\,!ICr ;II n•F 

Quick-View Valve Selection Chart 
v ....... l 0-ring '-----·-- PVC Pall Ntanllot I Preuure 
Size l Material Socket I Thrcadod SR Thro.adod Flallgod Spigot Rating 

--re;;;~:!·-:--· ' 
1821-0C5 •s~..;:os it'u:tlftlen 1 1811 OOSSR 1!!2J...005 

<::Z 
18:11'-0ilS l•nelud<>O 11!3Hl05SR I v.:on' 163J..Oil5 1837-00S 

I E<>O~I 18:!9-00'1 m('ut:led ! 1 Sl1.007SR il!2l-007 11!27.007 
.:1·11 

1 163.>-ao, ! \''~"'~ 183S<-W7 I mtlwd'Ja ! 1 8:11-tl07SR tS~NJ07 

Ef'OM 1IIZ1Hi10 tndlll'le:! ' lBZHl10SI~ 1823..010 >827..010 
~ I h:;li,;O<IO \'lt':lrtii 183!1..0!0 18l1..(11DSR 1833.010 1837..(110 235 PSI 

! C:>D~.l 162s.n;2 U'\thJO'!Q: 1S21 OlZSR 1823-012 1827·012 NoJ'\.SI'lO<:lt 
j .,, ... Wator 

Vtt'lr 1• 183'.'·<l1l ort.tlud(l(l 18:.11-llll!SR 18)3..();~ 1637..(112 @73•F 
! EPOM l&:19·01S tnc!utloll lli21.(115SR lll23-015 1827..(115 

1-11/1-
f v~on..: Hlo9-0IS Jfll:!U!l<!tl Hi3Hl15SR 1833{)15 1!137..(115 (Flanged 

EPD•.l 1FI2lH>ZO l11cluli~'Cl I 1 &2 l ..02l)Sfl j 1 823-020 182Nl20 150:lllt 
2 Non-Shodq 

Vuo~ .. w 1839-<120 tnduded Hi3~-D20SR 18»-020 1837-020 Ws:l!f --- ---~ ----- -;a;·, 025 @73'F EPOI/. 182~·0:!5 11\21.fi2SSR 1823..025 1827..(125 
~ 1!2 

15J1·025SR ! l!l33-025 Vttor/ U!I:I:Hl2S :a:n-o:>s 1837.025 

I I:.PDM 11122.()30 184'1·030; 182i·030SR I 18:0.030 1827..030 
~ t \loon•: Hf'lt-O:ro f il>JHllUSR 1832.(13() 1833..(1Jil 1837·030 

; E:POI.l 18:.'2·().40 1 ·0·10 j IBZ: -D40SR 11!23-().QQ 1827.0:0 
.: 

I 1831..(1.10 jlSll-CI.H)SR VHtm 1832·0.10 1633410 \8:;?.()40 

E:POM 182::.1!50 1821.00(1 1821-060Sfl H12J-o6C Ul21..(160 
fi 

~831~~ l83l~SR 
150;:.ru 

Vr.onr 1832·0C.O 1833-000 1837.060 Ncn-S!!ocl. 
EI"'M 1622·¢6.~ - I - 11123-lllro - Water 

a3 
} @7J'F 

va:.n ~ lll:i;.'-<.18~ - - 1833-oao -

• Chemical & Corrosion Resistant PVC or 
CPVC Construct•on 

Also Avadable in Spears• LXT'"' High Punty. 
Low Extractable PVC Materia! 

• Interchangeable with all T r..,e Un•on 2000 
Valves Mates with Unl()n 2000 Pipe Umons 

• High Impact Polypropylene Handle 

• Buill-tn Handle Lockout 

• Schedule SO Full-Bore Dessgn 

• Strong. Buttress Thread Umon Nuts 

• Spears' Double 0-ring Safe-T -Shear· 
Slem Design 

• EPDM or v,ton' 0-nngs 

• Spears~ Safe· T ·Blocked' Seal Carner 

• Self Adjusting PTFE Float•ng Seat Dcs.gn 

• Fully Serviceable. Replaceable Components 

• S1zes 1/2" - 4" pressure rated to 235 psi 
@ 73~F. Stzes 6" and a· Venturied and all 
Flanged to 150 psi @ 73'F 

• NSF Certifted for Potable Water use 

• Sui!able for Vacuum Sei'Vice 

• Assembled with Silicone-Free. Water 
Soluble Lubncants 

• ManufaC1ured to ASTM F 1970 

Optional Vented Ball Valves 
Same valve 'lli!h special ball vent cfestgn lor 
sodium hypochlorite (bleaCh) and other chem;cal 
applications where entrapped fluid$ rna;· form 
caustic crystalline residues and pressure b•nld up 
lrom gases developed. Valve has a 118• vent hole 
in ball to equalize internal fluid pressures. lnslall 
valve with ball venl on the pressure (vpstreamj 
side when in closed posrllort 

Optional Accessories• 
• Relf"'o>Fit End Connector Sels !or Valve 

Replacement 

• Spi:I-Nw Re!)iltr 1\l:S for l/n.:orl Nut Reptac;errn,m 

• S\lllllle'Mnlal Eno Con'\ec:!Ors 
• Roun:J Safely Handles 
• Handl!! lockow Rmg 
• Stem EX1C!,Si0!\ Klls 

• Square Operalo: Nu!S 

• Multi Mount Valv;:;Adua\1011 Maunllng Kas 

• f.Atn'-Mounl Actual!on Mountmj! Kr;s 

1; F ~ £ :>t..C ~ittlt t: 4'".t!! "('" t,,· .tf.-rt? 1'1t: \Ue ~· o• ft.;U't ~ t~ U.t U ~~- *Sll~SR} • S~ ""8AU. \'a1LVE ACCE$S~IE$"' ~· nt~ tor :.»'.ut::: ~1l 
,• ,,,( .:!fto•"~,' ?,tli Vt!t't ("1..!w:n, a.:::r1 ;1~ t'fT,:...t 'V n.rt.~'tl ~ mts't !.~Ut.-J.'" {f'9 1829V..00:$ ~a21V.0!:5CSR) ,"(::t\1:~ ~.):;;:o,:o 

~~ P. ... v,·,rturui.:~ Vvr-.u'· il~ ,;· h~J ~tlllt'(IS. ~!l .r.:-:ns.a one~ acapt.ero 

• 10 



TRUE UNION 2000 INDUSTRIAL BALL VALVES 

R ep1acemen t p rt a s 
No. Component Qty. Material --

1 Seal Carrier 1 PVC!CPVC 

2 Sea! 2 PTFE 

D t 
I ' 

' F 

A 

J l 

.... --e 

3 Body 1 PVCICPVC 
4 Carrier Q.ling 1 EPDMNlton<i· -

5 Stem 1 PVCiCPVC 

~Bearing i pp 

7 Handle , PP 
8 Stem 0-ring 2 EPDMMton.e: 
9 Handle lock 1 pp 

10 BaD , PVCICPVC 
11 Union Nut 2 PVC/CPVC 
12 End Connector 0-ring 2 EPDMtViton"'' 

G i 13 End Connector 2 PVCfCPVC 

Dimensions, Weights, Operating Torque & Cv Values 

Dimensions Rolei'III'IC8 (Inches. ~ 1116) Appro•. WI. {Lbs.) Opor.l c _.3 VaJuas 
Nominal a' --,-- c Torque 

Size 
0 E F G PVC CPVC (ln. ltiS.) Socflbd Flanged Spigot A Soc:IThcll Splgo1 I Soc:l<ot Thrud Spigot .. ·---

1/2 '·'15 7·;\'li I ~-7111 ~~Yto 4-~ ~-I>' IE 2-13/16 J..t:l ?·31r.r7 :Ill ll\ 16 :ill! ID 77 

~4 7 \:4 1·:\"A l-l..C .C..tl4 !'.-1/.1 2·71!! ~3.'8 ~Ml :1-!L'IS $0 .!oil ll Gl ·~ S1 

1 ;•.t;t ;.r~ 
,~.,, >tlil I ,.1\JtG !>-314 ).1/ll 3-?/16 .C..IQ >SIS 14 .n 2l 110 7J ·ce 

~ '\..ill{\ .!.•f.4 -..n:Hi s-a..; S.l"!f. C.S!E l-5'11 3-7iS 

*:: 
:I'll Z43 1!>1 '"'~ 

1~1·7 3- ~~.~ :• "'2 4 li-11~ S.TllG 1>-:W • l.-:!116 5 4-J.l& bl :lSI m .. .\:U --- ---
i I l ~11..:: •·.W ~J.·u.• f.Jf4 S-'.!14 11-\14 4-ll:l ll-1'8 ll \1-114 l85 71 ~ 395 51\ 

2-H) ls.:l!l! s.r~t~ 

~ 
9-H/18 '>.Jill 5-11!1 &-114 .,._,,2 G 1,4? I no \3;' ~ 519 n• --

~ t--J.·t~ ' 'll-116 5-111! 1-lllli 7-:rJ &11'\G 1.46 '81 'll t4!S ~~· I 1:ue 
-·-'- 1~--- " 

'· 7.5/ll 7~~ ~6 ;..~ul ll-11~ 1(\.114 >2-3.'-4~ .. 9-~1€ !i 1-1a 

~ ''4e ~% mst; ! '57' 
(\ 1:~ .. \.f, ~ ... 1•1(<, ,, ·;.,,,6 1 1!1-.'W 18-ln fl.•,m 14-li!\G 11-llt 1G-l'•G "'55 '3? &a:lll 1 G ,.9 

t' tt·~ l).3/i6 - :11·1/il 1 - !l-118 14·5!16 ~3-\Q 11·131'6 :!084 ~.8< 132 ~A NIA •{1;. 

• \'klvtt L..ay Utu.;th 

~ lo•cce '"'~"""" mv.atre """''"''"" """"""' l>fll$t>Jltl <alln<! 5~ Flow III!IW::I!y. rJw to ~t1:!iller""""" <hltmg lnslllll®uol .r.:wal v~ muy •-:r.r 
J · (;allo'U P1>f <1'1'1!.tt ...: 1 00> ~-<~ro;: \'nlw<K ro!Witnec ~ laying l<!f'!l!h. ba- on 4eiival.l>.'ll o! Hazer>.\W!Iams 8QU31lor1 '"II> ro.ntu::ct r~"ttnus f3a0< ol C< 15ll 
4 a· \lcmuntl:t \'Ill\~ nm h~ bill! •·aM>• 611M "'"" Gdlond ~ ~-

Temperature Pressure Rating 
System Operating 100 110 120 130 140 150 160 170 180 190 200 

Temperuture "F ("C) (38) (43) (41) (54) (60) (66) (11) (771 (82) (88) (93) 

PVC 
235 211 150 ! 75 50 ·0· ·0· ·0· ·0· ·0· ·0 

p 62) (U.S) t1 o3) I c.s21 (,34) HH (.0·) (·0·1 (·0·) 1.0·) (·0·) 
Valve 112" ;:.-

235 219 l70 145 130 110 90 80 Pressure CPVC 70 60 so 
(1 62i (1.51) (1.17} (1.00) (.90) (.76) (.62) (.55) (.48) (.41 i (.34) R:lting 
150 135 110 75 50 .Q. .{).. ·0· .t).. ..Q. ·0-ps• PVC 

(1.03) (.93) ! (.52) {.34) (·0.) (·0.) HI-) (·0-} (·0·) 1·0.) (MPa} 6" ond a· 
CPVC 150 140 120 110 100 90 80 70 60 50 

(1.03) (.971 (.83) (.76) (70) (.62) (55) (48) ( 41) ( 34) 

NOT FOR USE WITH COMPRESSED AIR OR GASES 

210 
(99) 

·0 
{·0 l 
·U· 

[-().} 

.I). 

(-0-) 
.Q. 

( ()-) 

11 

• 

• 

• 



• GLITY SWING & SPRING CHECK VALVEQ 

• 

Sample Engineering Specification 
.-\11 th~.·nn,,pl:t~tiC' d11:d. val' I:~ Shall 0.: Utility Swing Ched .. 
'"' I it lilt~ Spring ( 'h,•d, 1~ pc cnns.lru~:tcd form I'VC Type I. 
N> 1111 D 17!1-t Cdl nu~<.ifr..::uion 124~4. All l'.:llv~s shall 
h•· mainti."Ui!li<:C h..:c -.c:JI ut'!lt conMruction with EI'IJM 
~-·at and wct;;ht,·d di'c All Sr:ring Ched. Valves shall h11vc 
~t;tlnk .. ~ >l.:d -.rmng ;ass.i<.u:li nrcratit'tl. All \'al\'cs ~hall 

h;t\ ~ .:-.h:rnd[ tltm :\ITt)\\ dirn·uon dcsign;ttion. t\11 '<~l\'c~ 

shall h.: ~:..:r.iftcd I'} \~r lnh.:mutional for u~c in potable 
"at~·r -;~rd.:,·. ·\II 1·a!w~ ;hall he prt$i'ure r:11ed If\ 150 psi 
f.:>r \\;{tcr a·iJ· f in Cull tl,)\\ lnflen) posuioo and to 75 psi 
t1 7,; F h:H:l.. lll6>un: !ch,~ed '· <1:> manufanured by Spears t
\ l:Jnu!4,·hn 111!1 ( 'nmp:tn) 

Quick-View Utility Swing Check 
Valve Selection Chart 

Valvo I Scat I PVC Material' 
Size )Matorial So~adod SR Threaded 

1/'2 ! EPDI.~ l St~~Q.OSF S152().05fSR 

314 ! EPOM I 51520 07 S1520.07F S1520.07FSR 
~.f.POM 51520·10 St520-10F S1520-10FSR 

1·114 ! EPDit. 5.!,520.. i2 St520-t2F St520-t2FSR 

1-1!2 l EPDM S1520·15 S1520-15F S1520·15FSR 

2 J EPUM S1520·2'0 S1520-20F S1520-20FSR 

~!.:,? j E:P,PM ~~1520.25 S1520·25F S1520-25FSR 
3 ! t:P.JM TS152.0.3:> S1520-30F $1520-:roFSR 

·-;; '"TEf>'SM ISt520-cO S1520-40F S152().40FSR 

!3 i EPOM l S\520·60 S1520·60F St520-60FSR 

a TEi>oM' isls?o.-wr"NrA 1 NIA 

150psi 
@73'F 

full Flmt~ 
(Open) 

75 psi 
Back 

Pressure 
!Closed) 

i r'=' "'·.;',._ !"tc-rt· ~-~A:~-· Jt·~~ ~ t~S.~· !"' f.t:PB'fdil ~:n ~ k>~r ·c. ?Hhe P8' 
• 1 u-~"'n .< ~ ;-.-Hi;'fC~", ~ St~:.'iJCrJ.~'t"l(ff(eg S~5£'"'~JSRj 

• 88 

Features - PVC White & PVC Clear 
Spears"· Ctilit~ Swing Ch~d and :.pring a~~~~tcd l-IIIH~ 

Spring Chcd. \'all't'~ oiler :J cm1ljlacl. high p~:rl~•nnano:c 

che~:l. \ah c: fi.,r Land&capc & lrrig:llion. l'•·nl & Spa. 
:\quacuhurc. OEX·I 1md man: gcnerJI rurpn•..- app!i,·atioth 
These maintenance free ;;~.:ah:d unit~ fcaH•rc l~mg..lili: 1:1'11\1 
das1ome1 ~cal:> \\ith wct!;hlt:l.! tlt}f.: l<•r full·llm' \~ ith miawn • .l 
rcstrictk•n and po~i!h c ~htlh)ft'. Spring a<.,i·;r.:d "Sprm~ 

Chc..:h.- mndd im·,,rpnro~tcs :1 J'k>Siti~ c·pr.:s~ur..: •pt in!,! "' 
il~:::isl 111 vah·e dnsin!J, "ithout >lammmg. Pmdu~·cd lic>~ll 
J>\'(. While or 1'\ (' ( 'lc.lr mah:rial With s,,,J,cl. llm.:ad,·J 

''r SR llm~:lllcd end !.'ttnnec:t<lrs. Al'ailnblc in IPS Site> l 1:" 
through II" for Swm!!- t'hcd. \'alv.:~ and J,:" thn•ul!h ., .. ,;,, 
SJ1ring C'hccL Vnl\'cs. 

• Chemical & Corroston Resistant PVC Whrte or Htgh 
Visibility PVC Clear Construction 

• No Metal Parts on Swing Check • Staanless Steel 
Spring on Spring Check 

• Maintenance Free Sealed Umt tn a Compact Space 
Saving Design 

• Engineered for Maximum Flow, Outck Response & 
Positive Shutoff 

• Long-Life. High Grade EPDM Seat wtth Wetghted Disc 

• Spring Assisted Spnng Check Model Option for 
Positive Closing 

• Sizes 1/2"- BH Pressure Rated to 150 ps•@ 73''F 
Full-Flow (open) and 75 psi@ 73'F Back Pressure 
{closed) 

• Suitable for etther Honzontal or Vertical Up-flow 
Installations and Vacuum Servtce 

• NSF Certified for Potable Water Use 

• Sahcone-Free Assembly 

Quick-View Utility Spring Check 
Valve Selection Chart 

Valve 
Size. 

112 
3/4 

SlSS0-20 Sl5!!().20F! S1 580·20FSR I 
1580·25 S15S02SFiS1580·25FSR 

4 EPDM JS1580-40 S15S0-40FlS1560-40FSR 
1 fo:t~Ci+:t:~'19CNW:~ ·~r~~i·!X'r:"'J.~3t,IW'Itt'M"t' ~" ~ 
,~"'"CttS S~~e..."C:.~) t~; S1~05Fttvl\J~ $1~~&e~:~::a 

Pre$sure 
Rating 

150 pSI 
@ i3 F 

Full flow 
!Open I 

75 P~• 
B.tiC~ 

Pressut"' 
IC!oseOt 



:~=U=T=IL=I=TY=:=S=\M=I=N=G=&=S=-P::s=R=IN=G=C=H=E=C=K-===VA=L=v;=E=S=====J 
1 Jtility Swing Checlt Valve 

- B ·-

·- '--- c - ' - '--i 

Utility Spring Checlt Valve 

Dimensions 

I 

A 

=--==""""~ 
FLOW 

---r 

' D 

'===~~~l 
--- B ---- ' ·i I 
"- c -- ---- .• 

Nom mat 
Size 

; Dimension Referonce (inches, :t 1/16) 

;,--! ---A----,~--S-oc-k-et---Th-~-ea_d_ad_/_SR_Th_r-ea_d_ad-rl '---'-c-'---~~,..-------s=w=i-n-g====~:==--S~p-n-=-ng_-=---
--------r---------+------------~--------r----~'--~---'--~-; J 2-19132 2-518 4-3132 2-1f8 2-518 ____ _ 

--------------------+-----~-------------~------+-------r--
112 1-3-'8 

314 1 1-3/s 1 2-sm 2·1116 <1-1/16 2-118 1 2-5/a 
---1-----~---1-11/ls------+l---2--5-,1-6--+---2--1-5-,1-6---+-l --4--9-,-~e---+l--z--51-8--~-- 2--51-8---1 

-·--;~1!4- ----,--- 2-1115 I 2-15116 3-Sia 5-112 3-3/s 3-318 
t------...,-----~--------Jf---------t------+-------------------
__ 1·1_'?______ 2-7116 i___ 3 3-11116 5-5/8 3-318 3-318 

2 I 3 I 3-518 4·318 6-3i8 I 4-114 4-114 

2-1!2 1 3-9i15 1 4-3/a s-114 1 7-7ts s-11a s-11a 
---·---!------~-----+--------+---------+-----~·-- ----i 

l 4-5!15 1 4-11/16 s-518 1 s-ms 5-314 s-3i4 3 
1----4 ---+~---s-.,-:4 ___ l ___ s __ --+l-----7--1-,1-s---+--,-o--,-n-s ___ --~-3,8-- 1 

1-----6---- --~-- - 7:1'-itt·e-J a-112 i 11·5116 1~9!16 9-il4 ! 
6·318 

8 I 9-7116 I 11-3116 NIA 19-i/4 11-15116 I Nlfl 

General Installation Information: Utility Swing check valves are designed for horizontal installations, 
but may be installed in up-flow only vertical position. Check valves MUST be installed with the valves 
FLOW arrow pointing in the direction of the flow. Do not install valve upside down. Flow velocity should 
not exceed Sft./sec. Minimum opening pressure less than 0.5 psi. 

Temperature Pressure Rating 
System Operating 

_____ 1__(1308~ 110 120 130 140 150 160 170 180 190 l 200 210 
Temperature °F ( 0 C) (43) I (49) {54) (60) (66) (71) (77) (82) (88) J (93) {99) 

Valve i 150 135 110 75 50 -0- ·0· ·0· -0· -0- I -0- ·0·· 
Pressu:-e 1/2''- 8" PVC 

( 1.03) (.93) (.76) (.52) (.34) ( ·0-) ( ·0-) ( ·0·) ( -0-) (·0-) (·0·) (·0-} I Rating ps1 ! 150 
·--

140 130 120 ·110· ·100- ·90- -80- -70· ·60· l ·50· ·0· 
(I"''Pa) i(L03) ( .97) (.90) (.83) (. 76) (. 70) (.62) (.55) {.48) (.41) (.34) ( ·0·) 
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Aluminum Pen A Male Adapter x Female NPT 
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